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MANKIND AND OUTER SPACE 


The first manned flight in orbit round the earth, made by the Soviet astronaut 
Yuri Alexievitch Gagarin, has ushered in the space age—less than twenty 
years after the advent of the atomic era. 

It was on the morning of 12 April 1961, at 9.07 a.m. (Moscow time), that 
Gagarin took off on this first space flight in history, aboard the space-ship 
‘Vostok’. Weighing 4,725 kilograms, his craft was launched by a six-engine 
(20-million horsepower) rocket from the cosmodrome of Baikonur in Western 
Siberia. 

In accordance with the flight plan, the space-ship entered an orbit with 
apogee and perigee at heights of 327 and 181 kilometres respectively. During 
its course along the orbit, which was deliberately limited to one circumvolution, 
it travelled at a speed of more than 27,000 kilometres an hour in relation to the 
earth’s surface, and covered a distance of over 40,000 kilometres. 

Secure in his space-suit in the sealed cabin, the astronaut was able to watch 
through the port-holes as the continents slid away beneath him. The flight 
lasted 108 minutes, and for most of that time he was in radiotelephonic commu- 
nication with the Soviet control stations. For about 70 minutes he was in a 
state of weightlessness. 

The craft was launched in an easterly direction and flew over Cape Horn 
at the southern tip of South America after 45 minutes of flight. At 10.25 a.m. 
(Moscow time), the pilot set the braking device in motion to bring the craft 
out of orbit; he entered the dense layers of the atmosphere ten minutes later 
and landed at 10.55 a.m. (Moscow time) near the village of Smelovka in the 
Ternov district of the Saratov region, about 640 kilometres south-east of 
Moscow. 


For centuries man has dreamed of exploring outer space. In every age and 


_ every country, he has longed to cross the frontiers of the known world. 
| The intensity of this longing is reflected in myths and the arts—in the story 
» of Icarus in ancient Greek mythology, in the works of Leonardo da Vinci 


and in the prophetic novels of Jules Verne, to mention only the most 


} outstanding. 


This age-old dream has inspired science and stimulated the development of 
aeronautical and astronautical technology; it has led man, by way of kite, 
balloon, airship, plane and finally rocket, to the very threshold of the universe. 
And now at last that threshold has been crossed and the Soviet flyer Gagarin 
has succeeded in flying round the earth in outer space. 
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Mankind and outer space 


This feat was made possible by the up-to-date scientific knowledge and the 
advanced forms of technology perfected in the Soviet Union. Modern science 
is the sum of knowledge acquired by a cumulative process, one discovery 
leading to another. But it has taken centuries of concentrated thought and work 
by scientists of all countries to reach our present degree of understanding of the 
world around us. It is a far cry from the geometry of Aristarchus of Samos 
and the algebraic laws of Baghdad to the non-linear mechancis of Leningrad 
and Moscow; from the chemical discoveries of Lavoisier and Lomonosov ty 
those of Semenov; or from Boyle to Bogolioubov in physics. And this is why 





Gagarin’s flight has unprecedented significance for scientists throughout the 
world and for the whole of mankind. The way to the planets is noy | 
open. 

As soon as he heard of this great exploit, the Director-General of Unesco, 
Dr. Vittorino Veronese, sent the following telegram to Academician Alexander } 
Nesmeyanov, President of the Soviet Academy ©: Sciences: ‘ Have learned with 
deep satisfaction news of successful achievement of most recent Soviet experi- 
ment in outer space. The Government and people of the Soviet Union may te 
proud of this new scientific achievement. I beg you to convey to the Soviet 
National Commission for Unesco and to Soviet scientists and engineers my 
wholehearted congratulations.’ 





) 


At the time of going to press, we learn that, on 5 May 1961, after two years 
of intensive preparation, the first American astronaut, Alan Bartlett Shepard, 
made a ballistic flight into space, as part of the Mercury project sponsored by | 
the National Aeronautics and Space Administration. 

At 9.34 a.m. local time, the space-ship ‘Liberty VII’, weighing about 2 
ton, was launched from Cape Canaveral by a Redstone rocket with a thrust 
of over 35 tons. Two and a half minutes after launching, when it had reached 
a height of about 56 kilometres, the craft could no longer be seen by thos 
watching; it was then travelling at a speed of approximately 6,400 kilometres 
an hour. | 

Before reaching the altitude of 185 kilometres, the maximum height of its) 
trajectory, small steering rockets moved the ship’s nose to form an angle of 35) 
degrees with the horizon. The first of the three braking rockets on the heat 
shield covering the nose of the space-ship was fired 5 minutes and 11 seconds) 
after launching, followed successively by the two others. The braking rockets 
having been released, the automatic pilot then placed the ship in the correc 
position for re-entry into the atmosphere. 

At an altitude of 80 kilometres, friction with the dense layers of the atmos 
phere caused the temperature outside the capsule to rise considerably. But i 
never exceeded 30° C. in the cabin, and the astronaut, in his aluminium-coated| 
nylon space-suit, did not have to stand a temperature higher than 26° C. At) 
an altitude of some 6,300 metres, a mechanism operated by atmospherit 


} 
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pressure released a small parachute to reduce the speed, which by then had 
become subsonic owing to atmospheric braking. 

At 3,000 metres, the metal container situated on the cap of the space-ship 
broke away, and the main parachute unfolded. Twelve seconds later, the heat 
protection shield also detached itself, inflating a plastic envelope, situated 
between the shield and the cabin and designed to deaden the impact of landing. 
After fifteen and a half minutes of flight, including about five in a state of 
weightlessness, the parachute opened and the space-ship began to descend, 
alighting on the sea 120 kilometres north-east of Grand Bahama. A total 
distance of 486 kilometres had been covered. The space-ship was quickly 
located and, shortly afterwards, was lifted aboard an aircraft carrier by a 
helicopter. The first American astronaut had returned from his journey into 


space. 


These space flights have focused attention on the astonishing achievements of 
scientists today; and who can foretell their future consequences for the human 
race? One thing is clear: the force of gravity no longer holds man chained to 
the earth. Very soon, we shall possess accurate and detailed information on the 
moon, the planets of the solar system, the sun itself, and the whole of the 
universe. The basic sciences will certainly be given new impetus, whilst disco- 
veries as yet undreamt of will perhaps provide the key to riddles that have long 
baffled the minds of scientists. And, for future generations, the world will no 
doubt assume an entirely different aspect. From now on, we must concentrate 
all our efforts on developing co-operation between scientists and nations, 
so that the immense tasks which lie ahead in exploring the universe may be 
faced by all together in a spirit of human fellowship. 

In this connexion, it is recalled that Unesco began, in 1957, to help the 
International Council of Scientific Unions in organizing the International 
Geophysical Year, which gave to scientists of all countries an opportunity for 
joint research on an unprecedented scale on the Earth and outer space. Further, 
it gives financial aid to the International Astronautical Federation and the 
Committee on Space Research of the International Council of Scientific 
Unions in their task of strengthening international co-operation in research on 
outer space. Henceforth, Unesco will probably be required to play an increas- 
ingly important part in encouraging international collaboration, which grows 
daily closer, in the sphere of space research. 
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THE DECISIVE STEP IN THE CONQUEST 
OF COSMIC SPACE 


by 


Academician E. K. FEporov 


The author is Principal Scientific Secretary of the Academy 
of Sciences of the USSR. 


For many centuries, man has sought to fathom the secrets of the universe, 
impelled by an unquenchable thirst for knowledge and the urge to solve the 


riddle of man’s place in the universe and to discover how he could control 
nature. 


With man’s appearance on the earth, a new stage of development began in | 


the life of the earth as a planet. Having apprehended the laws of nature, man 
began to change the earth, arming himself with powerful weapons to use in 
his struggle with nature. And so, from the fashioning of the first stone axe, 
man has gone on to accomplish that most amazing feat—the first flight into 
cosmic space. 

In making space-flights, man enters a sphere which is completely new to 
him. And whenever a new sphere is entered, fresh discoveries are made which 
in many cases could not possibly have been foreseen. For example, only through 
the first flights of satellites did we learn of the existence of radiation belts around 
the earth—a discovery which has radically changed our understanding of 
terrestrial space and of the danger of radiation during space-flights. 


We can expect, even in the very near future, to see cosmic craft used to | 
° . ° } 
solve a number of practical problems. Weather reconnaissance services, 


observation of the polar regions, the retransmission of television and radio 
broadcasts and extensive scientific research beyond the earth’s atmosphere 
are only the first steps in that direction. Next will come manned flights to the 
moon and to other planets in the solar system, the establishment of manned 
interplanetary stations and man’s gradual mastery of life in space. And, 
although it seems fantastic now, it is possible that in the distant future contact 
with other worlds will be established. 

One of the most important of the multitude of scientific and technical 
problems with which Soviet scientists and designers had to grapple in their task 
of preparing and carrying through man’s flight into space was that of ensuring 
that man could make his flight and return to earth in safety. 

When the different ways in which the first manned flight could be effected 
were studied, it was agreed that the most appropriate method would be by 
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IT space-ship, for this would open the way directly to man’s exploration of space. 
The idea of a staging rocket flight along a ballistic trajectory, which would 
not have been a genuine space flight, was rejected. It is thus no accident that 
the Soviet scientists and designers concentrated from the very outset on produc- 
ing large-size artificial satellites and space-ships of considerable weight. The 
development of space flight in the USSR has been mainly along these lines, 
since this was the only way in which the historic problem of man’s flight into 
space could be solved. 
demy Beginning with the flight of the second Soviet artificial earth satellite, with 
a canine ‘guinea-pig’ (the dog Laika) aboard, right up to the spaceship 
‘Vostok’, it was on these lines that the Soviet scientists and designers worked. 

As much information as possible had to be obtained about the work of 
TS, | designing cosmic craft and the apparatus to be carried on board, and the relia- 
the } bility of the various control systems used on the flight had to be thoroughly 
trol | tested. The essentially new task was to devise a system of guiding space-ships 
and to solve the problem of bringing them back to earth. 
1 in Thanks to the scientific investigation of outer space and the solution of key 
nan | problems of the physics of the cosmos, the necessary data were collected on the 
>in | influence of various types of radiation on living organisms under cosmic flight 
xe, | conditions and on meteor-impact risks during the flight. In the light of the 
nto | knowledge thus acquired, steps were taken to protect the space-ship. 

The large volume of experimental data obtained through the flights of the 

(tO first Soviet space-ships and the preparation of systems ensuring safe return 
to earth enabled the Soviet scientists and designers to devise a craft in which 
igh | man could fly into space, and after much arduous work the space-ship ‘ Vostok’ 
S | was evolved. The last two test launchings of the ‘ Vostok’ took place in March 
0 








oa. 
=> 


1961, with a dummy placed in the pilot’s seat. The cabin also contained two 

test animals—the dogs Chernushka and Zvezdochka. 
to The programme adopted for these two flights was the same as that which 
8, __was to be followed in the first flight of a space-ship with an astronaut aboard. 
| Both flights were carried out exactly according to plan, and confirmed the high 
; degree of reliability in tne construction of the ship and of all the systems 

the | incorporated in it. 

Thanks to the thorough preparatory work done on the ‘ Vostok’, its launching 

) with an astronaut aboard was an unqualified success. 


MEDICAL AND BIOLOGICAL PROBLEMS 


sk | In order to discover whether it was possible for man to fly into space without 
ng | physical danger it was necessary: 

1. To study the effect on the organism of the conditions encountered on a 
ed cosmic flight and to investigate possible ways of protecting if from the 
by harmful action of those conditions. 
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2. To devise the most effective methods of ensuring normal conditions fy | fynctic 
man’s vital functions in the cabin of the space-ship. the pre 


3. To devise methods for the medical selection and training of members of } of org 
space-ship crews and a system of constant medical observation of the | prates. 
state of health and working capacity of the pilot at all stages of the flight, Part 

Each of these problems involved a number of subsidiary ones on which specia. | cosmic 

lists in physiology, hygiene, psychology, biology and clinical and occupational | ysed t 

medicine have worked unceasingly for the past ten years. Investigations wer | radiati 

carried out under laboratory conditions on the earth and also during the flights It w 

of animals in rockets. Use was made of the wealth of experience we have } contro 

acquired in applied physiology and medicine, particularly in aviation medicine | no dat 
and medical protection during submarine navigation. Where possible, special On 
test installations were set up on the ground so that the effect on the organism | deduc 
of phenomena encountered in a space flight could be investigated under labo. } to his 
ratory conditions. The effect of overload and the capacity of the organism to 

endure it were studied by means of centrifuges, i.e. centrifugal machines which | yup 1 

reproduced accelerations similar to those which occur when space-ships are 

launched or return to earth. Soviet 

Vibrating platforms, hot vacuum chambers and other devices were used to | first a 
study the effect of other phenomena on the organism. In general, however, | neces: 
laboratory experiments could only show the effect on the organism of one| aviate 
or other of the phenomena referred to, whereas in an actual rocket flight these | well-d 
phenomena occur in combination and simultaneously. Neither was it possible,| impor 
under laboratory conditions, to study the behaviour of living organisms ina! to tak 
state of weightlessness. Hence biological investigations in rockets, which were On 
begun in 1951, offered the closest approximation for studying the effect on the group 





organism of the conditions to be expected in space flight. ) trainit 
Dozens of experiments were carried out in which animals were flown in} both; 
rockets to heights of up to 450 kilometres. on a § 
An extremely important advance was made in 1957, when it became possible; organ 
to use artificial earth satellites for the purpose of biological experiment. Th 


The first experiment of this kind was carried out in the second Soviet earth | tion c 
satellite. Data obtained in earlier biological experiments in rockets wert | tive fl 
corroborated and new data obtained, and for the first time it was proved that} of th 
a prolonged state of weightlessness does not of itself upset the basic vital) anda 
functions. and § 

Biological experiments were continued in the first Soviet space-ships. In Du 
addition to a further and more searching study of the effect on the organism } invoh 
of a prolonged period of weightlessness and of the various stages from weightless | ment 
ness to overload and back again, a study of the biological effects of cosmic Ai 
radiation also proved vital. Another important part of the programme was the {weigh 
investigation of certain aspects of the operation and the efficiency of the systems | the f 
to be used in future flights to provide normal conditions for vital human | food, 
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functions and to ensure a safe return to earth. In order to carry out this part of 
the programme, the first Soviet space-ships take up with them a wide variety 
of organisms from the most elementary forms of life to the higher verte- 
brates. 

Particularly close attention was given to ascertaining the possible effects of 
cosmic radiation on space-ships during flight. None of the many methods 
used to solve this problem revealed any changes attributable to ionizing 
radiation. 

It was concluded, as a result, that flights in space-ships in an orbit deliberately 
controlled so that it passes under the radiation belts lying near the earth present 
no danger for the more highly developed representatives of the animal world. 

On the basis of these facts and the results of laboratory experiments, it was 
deduced that it was possible for man to make a space-flight without detriment 


to his health. 


THE TRAINING OF THE ASTRONAUTS 


Soviet scientists were faced with the task of making a scientific selection of the 
first astronauts from among crowds of applicants. The combination of all the 
necessary qualities is most likely to be found in experienced airmen. To be an 
aviator a man must already possess nervous and emotional stability and 
well-developed volitional qualities—characteristics which are particularly 
important for the first space flights. In the future, the category of people able 
to take part in space flights must and will become far broader. 

On the basis of psychological and clinical physiological examinations, a 
group of men were selected to undergo a course of specialized instruction and 
training in special cubicles and conditioning units which reproduced, under 
both ground and flying conditions, the phenomena which would be encountered 
on a space-flight. At the same time, individual differences in the reaction of the 
organism to the effect of the phenomena reproduced were noted. 

The specialized courses were designed to give the astronauts essential informa- 
tion on basic theoretical problems connected with the objects of the prospec- 
tive flight, as well as proficiency in the use of the cabin equipment and apparatus 
of the space-ship. They included a study of the basic principles of rocketry 
and astronautics, the structure of the space-ship, special aspects of astronomy 
and geophysics and the rudiments of space medicine. 

During the period of training, solutions were also found to other problems 
involved in manned space-flights, and particularly to those relating to nourish- 
ment during the flight, clothing, and the air regeneration system. 

A study was made of the astronauts’ individual reactions to the effect of 
weightlessness and the transition from weightlessness to overload and also of 
the possibility of maintaining radio contact and of absorbing water and 
food, etc. In this way, the answer was found to a number of major problems 
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3 | 
concerning the activities which man-:would be capable of. carrying out 
under space flight conditions. 

It was established that all the astronauts selected would stand up well toa 
weightless condition, and also that if weightlessness is not prolonged for mor 
than 40 seconds, it is possible to take liquid, semi-liquid and solid food in th 
normal way, perform actions requiring precise co-ordination (e.g., writing and 
controlled movements of the hand), and maintain radio contact, read and 
take visual bearings in space. 

During the tests in the centrifuge and the heat chamber, the astronauts’ 
individual tolerance of the effect of the conditions reproduced was determined, 
the influence of the conditions on the course of the basic physiological functions 
was studied, and the problem of increasing the organism’s resistance to the 
action of external factors was solved. 

It was at this point, when the special programme had been carried through, 
that direct preparation for the prospective space flight was organized. 





Man’s first flight into space took place in the Soviet Union, on 12 April 1961, 
when the space-ship ‘Vostok’, with the USSR airman and cosmonaut 
Y. A. Gagarin aboard, was placed in orbit round the earth. The weight of the 
spaceship without the final carrier rocket stage was 4,725 kilograms. The 
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height of the perigee of the orbit, according to precise data obtained by 
collating all the measurements; was 181 kilometres, the height of the apogee 
was 327 kilometres; and the angle of inclination of the orbit was 64° 57’. 

The first cosmic flight marks the beginning of the era of man’s direct penetra- 
tion of cosmic space; it is one of the most significant events in the history of 
civilization. 

The glorious dream of K. E. Tsiolkovsky, who laid the foundations for cosmic 
flights, is coming true: ‘Man will not remain for ever earth-bound; in his 
pursuit of light and space, he will first venture timidly beyond the limits of the 
atmosphere, and then conquer the whole of solar space.’ 
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GENERAL PROBLEMS CONFRONTING 
COMPUTING CENTRES 


by 
R. COURANT 


Richard Courant, Ph.D. Géttingen. Born in Germany; 1919-20, 
Professor at the University of Munster; 1921-33, Professor 
and Director of the Mathematical Institute, Géttingen; taught 
at Cambridge (UK); in 1936 was appointed Professor and 
Head of Department at New York University. Dr. Courant’s 
book on methods of mathematical physics is well known to physicists 
throughout the world and his work on differential and integral 
calculus is considered as one of the best presentations of the 
subject written in modern times. 


During its eleventh session, held at the end of 1960, the General Conference 
of Unesco unanimously adopted a resolution submitted jointly by Italy and 
the United Arab Republic, drawing the attention of Member States to the 
efforts of the Secretariat with a view to establishing an International Computa- 
tion Centre, and inviting Member States to accede to the inter-governmental 
Convention establishing such a centre. 

In this connexion the following extract from an address given by Professor 
R. Courant, in September 1960, at the closing session of an International 
Symposium organized by the provisional International Computation Centre 
in Rome is of current interest. 





In all fields of human endeavour it is now a commonplace that the problem 
of manpower is absolutely decisive not only for maintaining the pace of pro- 
gress, but even for preventing a dangerous decline. The key to success in coping 
-with the manpower problem is, of course, education—not merely mass educa- 
‘tion but also and in particular education of selected talent for leadership. 
‘Perhaps the difficulties of the challenge are insuperable when it comes to educat- 
‘ing true humanists, or constructive, imaginative, political leaders. But at 
least in science—and technology—the task is far from hopeless. All depends 
‘on the presence of relatively few inspiring teachers and on the appeal of science 
to talented, open-minded, dedicated, imaginative young people. Manifestly 
there are some scientific fields—biochemistry, for example—which do attract 
an almost sufficient number of talented people. But of all branches of science, 
mathematics is perhaps the one in which it is most difficult to recruit students 
and workers of the highest intellectual and personal calibre. It would be out 
of place here to try to analyse the reasons for this weakness of present-day 
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mathematics in general. I shall confine my remarks to one field, very close) 


at 
related to mathematics—that of computing. Here the difficulties seem to pao 
most serious; and much attention and wisdom will be required if steag psych 


and lasting improvement is to be achieved. Unt 

When the modern high speed electronic computers first appeared toward and u 
the end of the first world war, many people felt sceptical about the dream; of cor 
which animated a small group of enthusiasts and led to apparently not to shoul 
well founded claims. By now, however, the machines, after a relatively shor 
time of steady improvement, have come to be generally recognized as a revoly. 
tionary tool of science and technology opening up vast, still unexplored posi. 
bilities of progress. As Henri Poincaré emphasized, a problem can never bk 
considered as completely solved. All one can say is that it is solved to a certain 
degree. Now, in many instances, the use of computers can achieve a much 
higher degree of solution than one might have dreamed possible even fifteen 
years ago. and c 

The art of building electronic computers is still at a stage of rapid and) machi 
amazing improvement. The development of speed, capacity and flexibility in} §. fre 
new machines is already astonishing and the process is still in full swing. comp 

Unfortunately the development of human resources has not kept pace with) activit 
these technological advances, nor have we developed mathematical method the gj 
which make adequate use of the great potentialities provided by compute! machi 
technology. This gap between the highly perfected technology of COMPUEEH) of ope 
and the limitations of the intellectual and human resources for their optimal) pojicy 
use is becoming greater. Far too few young people of high calibre with enter Energ 
prising minds and broad knowledge are prepared for the era of computing) the N 
machines. This is a dangerous situation which can be countered only by 4 jg poy 
greatly improved and vitalized programme of education combined with comp 
research on a broad scientific front. So far, one must admit that the grea) centre 
impetus which pioneers such as John von Neumann and Enrico Fermi impartef leader 
to the field has not caught up and stimulated enough of the younger scientift Ye 
generation. comp 

No major difficulty exists as far as the training of routine programmers and for o 
operators or technicians is concerned. However, what is woefully lacking i gener: 
genuine original leadership. It is vitally important to develop a generation Of* are eg 
scientists for whom even the most advanced machines are acceptable tool 5 sci 
just as musical instruments are for musicians. What can be done to improv’ and ¢ 
the supply of talent? Why are so relatively few highly talented young scientists peeg 
attracted by the fascination of computers? | acade 

One of the reasons is, of course, that scientists who flourish as individu) )ath 
workers without time clock and rigid schedule are reluctant to give up SUCh) pe q; 
freedom and to adjust their schedules to the precisely defined hours or €Vé) reseay 
minutes demanded by the operation of a big machine. In astronomy or in high needs 
energy physics and in many activities in which the work depends on the | coder 
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operation of a team, such discipline seems to be natural and widely accepted. 
In the mathematical sciences it is an innovation which causes instinctive 
psychological resistance. 

Until recently, other impediments existed which have caused difficulties 
and uneasiness: Machines constitute an expensive investment. The sponsors 
of computing installations were, and often still are, anxious that the investment 
should show visible results, that the machines should not be idle, that the 
personnel should always be busy producing numerical results for which 
somebody can justify expenditures of large sums in the eyes of book-keepers 
and accountants. Such a commercially oriented attitude was in the beginning 
perhaps unavoidable. Yet, this attitude must seem utterly unacademic and 
incompatible with the ideal of a free scientific mind, and certainly the pressure 
generated by it has had a deterrent effect on some of the best of the young 
people who are unwilling to become the slaves of impersonal organizations 
and of machine monsters. It seems difficult to develop the attitude that the 
machine is something to be mastered and used, asa tool, with sovereign scienti- 
fic freedom. In the first stages of the still very new and tentative evolution of 
computing centres the balance between service activities for a fee and scientific 
activities was unhealthily heavy in favour of the bread and butter service. But 
the situation, at least in the United States, has greatly improved as more 
machines are available for service. A relatively free and academic mode 
of operation has now become possible. Following the example of the enlightened 
policy with respect to computing facilities which the United States Atomic 
Energy Commission instituted under the influence of John von Neumann, 


the National Science Foundation under the leadership of Dr. Arthur Grad 


is now developing a broad well-financed programme of establishing academic 
computing centres. One can be quite optimistic about the future of these 
centres and hope that competent and wise leadership will grow, since competent 
leadership is already now available in a number of places. 

Yet, elimination of the traces of commercialism in the administration of 
computing centres is a necessary, but not by any means sufficient, condition 
for overcoming the shortage of first-rate personnel and for developing a 
generation of scientists who are scientists primarily but who at the same time 
are eager and able to utilize the computers to the full extent of their possibilities 
as scientific tools. A major effort, especially in universities, but also in industrial 
and other establishments, is needed to approach such a goal. Such an effort 
need not necessarily be carried out in the traditional forms of fragmented 
academic instruction. It requires breaking down departmental boundary lines, 
Mathematicians, physicists, engineers, biologists and social scientists should 
be drawn into such educational programmes. Co-operation with industrial 
research organizations should be attempted on a broad scale. What primarily 
needs attention is not the question of training an army of programmers and 
coders for more or less routine work. The goal must be broader acceptance 
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and wholehearted utilization of machines as research tools, applied wit, 
matter-of-course mastery by productive scientists and technologists. 

It may be desirable, especially in connexion with problems of origin, 
research, to emphasize a ‘vertical’ operation within computing centres, wher 
the same scientist in whose mind a problem originates follows it through all th 
stages of setting it up as a numerical problem, devising as good a programm 
as possible, supervising the coding and the rest of the operation. A ‘horizontal’ 
type of operation in which a problem is handed from one layer down to th 
next without the steady control of the originator is often unavoidable, certainly 
for ‘mass production’ or routine problems; but a more or less vertical procedur 
under highly competent control seems indispensable for securing a viable 
future of the art and science of computing. 

Altogether it would seem that the vital task is not so much to train specialists 
in computing, but to inject the awareness of the potentialities of modem 
computing into the general education of talented and open-minded scientists, 
A great deal of profound scientific mathematical research (as well as other les 
sharply definable research such as programming activities) is certainly necessary 
and will at the same time provide a great attraction for enterprising youn 
people. 

I think that numerical analysis should be recognized as a vital branch o 
mathematics. Many of the great mathematicians have taken a strong interes 
in this field. Gauss was perhaps foremost among them. The classical school 
of Russian analysts in the nineteenth century made very important contribv- 
tions. Now, the advent of high-speed computers has opened vast new possi- 
bilities. Of course, such a development is still in its early stages. Its scope is 
much wider, its challenge much more exciting than many people seem to 
realize. At present, subjects such as matrix inversion and finite difference 
methods are in the focus of attention, and the interest is largely concentrated) 
on problems arising from mechanics of continuous media. But indeed, thes 
domains have been cultivated primarily only by chance or immediate necessity. 
Among other topics which demand study, I mention the abundance of questions 
concerning estimates of accuracy or errors or the most important class oj 
problems not ‘ properly posed’ in the sense of Hadamard, for example problem 
involving instable motion. As we all know, almost everything remains to b- 
done about the computing of solutions of non-linear problems. A word may 
be said about the class of problems which can be attacked by the so-called 
Monte Carlo method, which amounts roughly speaking to the followin 
procedure: One wants to solve functional equations, e.g. integrodifferential' 
equations, which give an idealized representation of complicated — 
processes, such as the neutron flux in a reactor. This random process is replaced 
by a greatly simplified model, which for small free paths approximates the 
same functional equation, and which is simple enough to allow a simulation 
on a high-speed computer. The corresponding simplified random walk problem 
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is then substituted for the original problem and its solution is obtained by 
direct simulation. Such procedure suggests a vast array of possible attempts 
to solve complicated functional equations by suitably approximating them 
more or less as follows: In the equation, which we assume linear, we first 
replace derivatives by integrals involving delta functions and their derivatives. 
Then we replace these delta functions and their derivatives by suitable conti- 
nuous approximations. Thus the original equation can be approximated by an 
integral equation, and the flexibility of the procedure indeed allows us in some 
classes of problems to form integral equations which can be solved by Neumann 
iterations. For boundary value problems of partial differential equations this 
procedure has been carried through to a promising degree. But this and other 
approximation methods for the solution of important functional equations are 
not much more than initial observations. Theoretical study and, what is 
very important and now seems to be practically possible, a programme of 
experimental numerical studies must support and to some extent guide the 
theoretical analytical approach. 

The great progress in science after the French Revolution was largely due 
to the policy of combining teaching with research. I would say now that further 
progress can be made in the immediate future by combining teaching and 
research with numerical experimentation. 

In conclusion, I believe that the International Computation Centre will 
have a very influential part to play in the realization of some of the possibilities 
that have been mentioned. The work of such a centre, even if it begins on a 
modest scale, will be of tremendous value. 
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FISH TECHNOLOGY AND THE COMMUNITy 


by 
G. H. O. BURGESS 


Geoffrey Harold Orchard Burgess, B.Sc. (Reading), Ph), 
(London), is employed by the British Government Departmen 
of Scientific and Industrial Research at the Torry Resear) 
Station in Aberdeen, Scotland. This station carries out researc 
into all aspects of fish handling, processing and distributin 
both at sea and on land. 


INTRODUCTION 


One of the major challenges to man today is how to apply as rapidly as possible 
to everyday problems the most recent results of scientific research. In a world 
in which the food supply is always less than what is required and a large section 
of humanity is starving, it is clear that the food technologist has an especially 
important part to play. 

Food technology, that is, the application of scientific knowledge and researc 
to problems of food handling and processing, is a much more recent develop 
ment than the scientific study of methods of production. Planned research of 
any magnitude into the problems of fish preservation and handling began 
only in the 1920’s and most of the progress that has taken place has been made 
since 1930. 

The world production of fish and fish products has risen steadily and rapidly! 
since the end of the last war. Total world production in 1953 vas estimated 
to be about 25 million metric tons; in 1958 it was about 33 million tons. | 
seems probable that production could be considerably increased still further 
by much greater exploitation of, and the application of existing scientili 
knowledge to, fresh- and brackish- water fisheries. Indeed, the potentid 
increase in supply of first-class protein from the seas, lakes and rivers of th 
globe appears to be much greater than from the land. 

It is of vital importance, however, if maximum use is to be made of what 
is available, that wastage should be reduced to a minimum. Intelligent us 
must be made of the knowledge that is already available and the problems 








most urgently requiring solution must be appreciated. Technological research) ; 


cannot be varried out without a clear idea of its objectives; but an importaal 
and not always understood, function of the technologist is to convey the infor! 
mation he has to offer to the people who are actually engaged in the handling! 
and processing of the commodity. Any planning, however, must take into 
account possible future trends. For example, a change has occurred in the 
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fish-eating habits of the populations of all the major industrialized countries. 
People prefer to eat fresh fish, and very small quantities of the heavily-preserved 
traditional products are now consumed. Similar trends may be expected in 
countries that are now developing their industries. 

Fish industries tend to be very conservative. Fishing communities are rather 
separated form the rest of the population; their interests, fears and aspirations 
are often not understood by the rest of mankind. Fishing is akin to hunting 
in that man reaps a harvest that he does not sow; it is an ancient industry. 
In very many parts of the world current practice differs but little from what 
was done a hundred or even a thousand years ago. In Britain, for example, 
smoked fish is still made to a great extent in kilns similar to those used for 
making red herrings in the Middle Ages. 

The fish technologist must be able to show clearly that what he suggests 
is worth attempting because it offers advantages over existing methods of 
handling and processing. These advantages may be financial ones, arising by 
a simplification or rationalization of a process, or they may be changes leading 
to a product of improved quality without necessarily a corresponding increase 
in financial return. There is furthermore a great need for technological training 
at all levels in the industry, and possible ways in which this can be given need 
to be considered. One thing is certain and that is that inth is, also, the techno- 
logist must play a leading part. 


THE DEVELOPMENT OF FISH PROCESSING INDUSTRIES 


The progress of man from the position of a brainy but physically ill-equipped 
primate living in a state of unstable equilibrium with his environment to that 
of Lord of Creation has been slow, painful and by no means continuous. 
His greatest achievements—those which enabled him to survive in an actively 
hostile world—tend to be largely overlooked. The most important of all his 
discoveries were surely those that allowed him to become progressively more 
independent of his immediate surroundings for his food. Only when life is 
raised above the level of mere existence, and there is leisure to give attention 
to those things not connected with matters of immediate life and death, 


is man fulfilling his evolutionary destiny and ceasing to be a brute 
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Knowledge of the habits of palaeolithic man is, in the absence of any very 
precise information, bound to be largely conjectural. He knew of fire and used 
it extensively. He iived, except in very special circumstances, by hunting. 
Probably, in northern temperate lands at all events, he had constantly before 
him the fear of starvation and pestilence. Fishing was probably one of his 
earliest activities, providing a useful supplement to his diet. One of the great 
disadvantages of fish as a foodstuff must have been its great perishability 
compared with meat or eggs. 
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Fish can, however, like many other protein foods, be preserved in edibje 
condition for long periods, by salting, smoking or drying, or by a combination 
of these treatments. It could very well be that ancestral man, before he forsook 
his palaeolithic axe for his neolithic ploughshare, had made this discovery, 
Whether or not salt was used is debatable, in view of the scarcity of this valuable 
commodity in the ancient world, although it seems inherently probable that | 
the production of salt by the evaporation of sea-water in enclosed pools in | 
coastal regions was discovered at a very early period of prehistory. The drying 
of fish requires little beyond a breeze of air that is not too nearly saturated 
with moisture. The modern visitor to Faroe, where humidity must often be 
very high, can still see split fish laid out on flat stones to dry in the wind and 
sun. Smoking, also, is a process that requires little equipment beyond a smoky 
wood fire and some means of hanging fish over it. 

There is ample evidence that a wide variety of fish products preserved by 
one or other or by combinations of these three methods were well known in 
early historical times. In northern Europe, these products were slowly improved 
upon until in the Middle Ages they reached the form known today. One of the 
great technological advances made at this period, probably by the Dutch, was 
the perfection of the method by which herring, a very fatty fish, can be preserved 
in salt pickle in air-tight barrels. 

Products similar to these European ones are well known in other parts of 
the world. Indeed, in countries that are not highly industrialized, if fish has | 
to be transported for any great distance, some form of preservation is still 
essential. The methods employed in Britain to-day for the manufacture of | 
such products as red herring or salt cod were familiar to our ancestors in the | 
fifteenth century. These products, and the methods used to make them, were, 
within their context, well adapted to the job they had to perform. They would | 
keep for long periods, they could be made in large quantities and the equip- | 
ment necessary for their manufacture was simple. 

It is interesting to speculate whether, in the absence of industrialization, | 
the traditional products that were evolved to satisfy the requirements of | 
northern Europe would still today be found suitable. It is perhaps not without | 
significance that two countries with a continuing high consumption of salt | 
fish and, incidentally, a negligible consumption of frozen fish, are Spain and | 
Portugal—neither of them highly industrialized. 

In countries such as Britain, however, the great industrial development of | 
the nineteenth century completely changed the eating habits of the population. 
Fresh-water fish were eaten in mediaeval England, and many species were 
then relished that would to-day be viewed with no great favour, because 
of their strong muddy taste. Fresh sea-fish were, however, eaten only by the | 
very rich or in those small communities living on or near the coast. What | 
little sea-fish that was taken inland in an unpreserved state cannot always | 
have been fresh, and accounts of eighteenth century fishmongers’ shops ate | 
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almost all exceedingly unflattering. With the development of the railways in 
the middle of the nineteenth century, it became a relatively simple matter 
to send fish from the fishing ports to the large cities. Fish became a cheap food 
and the wild exploitation of the North Sea began; in the 1820’s most fish was 
caught in the English Channel while by 1945 trawlers were beginning to explore 
the Heligoland Bight. 

The extreme perishability of the catch set a limit to the length and duration 
of the fishing voyages. The profitability or otherwise of a fishery depends upon 
the yield per hour at sea; it follows, therefore, that a highly productive area 
may not be worth fishing if it is so remote that only a short time can be spent 
actually in fishing and the rest is spent in travelling from and back to port. 
The degree of remoteness depends, among other things, upon the speed of a 
vessel, for a fast one can spend a longer time fishing than can a slower one. 
The early nineteenth century saw a rapid development in the design of larger 
and more speedy sailing trawlers. 

The length of time during which fish remains in edible condition after it 
is caught depends upon the temperature at which it is stored. Ice began to be 
used on trawlers fishing in the North Sea, in order to keep the catch cool, 
from about 1850. This represented a most important technological advance 
for it allowed vessels to ramain at sea for a much longer period and they were 
thus able to exploit more distant and more prolific fishing grounds. 

At first, ice was not allowed to come into contact with the cargo but was 
put into baskets in the hold where, it was believed, it helped to keep the catch 
cool. One reason, perhaps, why ice was kept separate is that it causes the 
pigment cells in the skin to contract, with the result that the fish looks bleached 
and less attractive, although the flavour is not affected. In time, however, 
fish was packed in ice. Its widespread use on fish for transport inland also 
became general and no doubt by this means it became possible to market 
fish that previously would have been considered unsaleable. Some species, 
such as herring and mackerel, that spoil very quickly consequently also became 
available inland. 

In the twentieth century this process has continued in very many European 
countries. Attention has been paid to the design of larger and speedier trawlers 
and to the proper use of adequate quantities of ice, at least at sea. It appears 
that no further extension of fishing grounds in the northern European area is 
possible; the technological limit of this technique has been reached. Since the 
1939-45 war, a number of countries, notably the USSR, have developed factory 
vessels capable of catching, processing and freezing fish at sea. 

Running parallel with this development in Great Britain of a taste for 
fresh fish went, not surprisingly, a decline in the demand for the heavily- 
cured traditional products. Heavily salted and heavily smoked fish ceased to 
be popular; the considerable industry in the curing of herring that arose 
before and during the nineteenth century was based almost entirely on an 
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export market and did not depend for its existence upon home consumption, emp 
A number of new smoked products were developed during this period. Some | fish. 
of these arose by chance but others, such as the kippered herring, were actually | trad 
invented as the result of considerable experiment. These commodities all haye | jndis 
certain features in common; they have a low salt content of perhaps 2-3 per | Trad 
cent and are only moderately dried and smoked. This amount of salt is sufficient | _fish- 
only for condiment—it has a negligible preservative effect—and the combined It 
effects of smoking and drying are only slight. The kippered herring, the bloater | whic 
and the finnan haddock are typical products. They are all cold-smoked, they | dem: 
are not actually cooked in the kiln, and they must consequently be cooked | that 
before bringing them to table. Although the preservative effect of the smoking | univ 
process is not great, it is nevertheless appreciable. Kippers, for example, will | that 
remain edible for about a week at 15°C., if made from fresh fish and reason- | take: 
ably well smoked. Herrings, on the other hand, would be inedible in less than | of a 


24 hours at this temperature. patte 
It is interesting to note that these new products, when they first appeared, | begu 
were made by people who were skilled manufacturers of traditional cures, In 


No new equipment was necessary, for a kippered herring can be made ina | struc 
traditional kiln in the same way as a red herring. The only difference is that | indu 
kippers are not smoked over a period of weeks, but only for a few hours. fact 
In industrial Europe, the taste for fresh fish and for milder smoke-cured |  esser 
fish has developed much as in Britain, with certain minor differences. Hot-  Furt 
smoked fish that is actually cooked in the kiln is, for instance, popular on the _indu: 
Continent while cold-smoked products are eaten hardly at all. the t 
Towards the end of the nineteenth century, and with the development of __ chea 
artificial refrigeration, people began to wonder whether it might be possible num 
to freeze fish, cold-store it and use it months or even years later. Early attempts 
to produce palatable products were not very successful for a number of techno- 
logical reasons. Improvements in the design of freezing equipment have, espe- | _ triali 
cially since 1945, had a corresponding effect on the quality of fish frozen One 
commercially, although it would be wrong to pretend that all commercially _ the ¢ 
frozen fish is of high quality. The freezing of fish appears to offer considerable | toa 
promise for the future—far more promise, indeed, than a number of other| a mi 
modern techniques that have been suggested, such as vacuum dehydration or : 
the use of ionizing radiations. Canning, which developed in the nineteenth why 
century, is another modern technique capable of much wider application in the 
future, but it lies outside the scope of this article. Prot 
The British fish industry, like that of a number of other industrialized | facto 
countries, has evolved from a stage when it was orientated towards the produc | proc 
tion of traditional, heavily-cured fish that would remain edible for months or | deat 
even years. These products were necessary for men living in a society in which | to he 
communications were slow and survival from one harvest to the next required | beco 
the storage of food almost on the scale of household to household. The modern | facto 
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emphasis is now, however, mainly on the production and marketing of fresh 
fish. Frozen fish may be looked upon merely as an extension of the fresh fish 
trade; the purpose of freezing fish is to produce something that should be 
indistinguishable from fresh fish, or from some product made from fresh fish. 
Traditional products, on the other hand, make no pretence of being like fresh 
fish—their main virtue is that they will keep. 

It is worth while to consider what lessons can be learnt from the way in 
which the industry has developed in industrial countries. New commodities 
demand new techniques for handling them and it would be wrong to suggest 
that these new techniques are all known or, where they are, that they are 
universally applied. There is nevertheless a considerable body of knowledge 
that can be used to improve practice and consequently reduce wastage. Mis- 
takes made today may show what to avoid in the future. The fish industries 
of a number of countries will soon be beginning to alter their traditional 
patterns in response to increasing industrialization. Some, indeed, have already 
begun. 

In surveying the evolution of modern fish industries, the technologist is 
struck by two things; first, the slow progress made up to the beginning of the 
industrial revolution, and the very rapid progress since then; secondly, the 
fact that although the industry has advanced technologically, much of the 
essential technological knowledge has come from outside the industry itself. 
Furthermore, and the author believes this to be true not only for the British 
industry but for others as well, a great deal of what has been found out by 
the trade itself in an empirical manner could have been found out much more 
cheaply by properly trained technologists. In Britain today, for example, the 
number of trained technologists actually employed in the industry itself is 
very small and confined to a very few large firms. 

Two questions relating to the application of fish technology in less indus- 
trialized countries are likely to be of particular interest in the immediate future. 
One is to know how traditional products can be produced more efficiently, and 
the other is to obtain some indication of how the change from a traditional 
to a modern industry might be brought about in a reasonably short time with 
a minimum disturbance of the established structure of the industry. 


WHY FISH SPOILS 


Protein foods such as meat, poultry and fish, spoil mainly because of two 
factors. Enzymes, or natural ferments, that are responsible for the essential 
processes which are carried on throughout the life of the animal, after its 
death begin to break down the tissue itself. In cool climates it is the custom 
to hang some types of meat and poultry for a period in order to allow them to 
become tender and develop desirable flavours before they are eaten. The other 
factor responsible for spoilage is the growth on and in the tissue of certain types 
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of bacteria that also break it down, usually with the production of characte. 
ristic putrid odours and flavours. 

In practice, although the extent of bacterial contamination can be reduced 
by scrupulous attention to hygiene and the various details that make up good 
practice, bacterial spoilage cannot be prevented without recourse to special 
techniques. Potential spoilage bacteria live in the intestines of animals—where 
during life they do no harm—and may also occur on the skin. Fish in the seq 
may carry large numbers on their skins and their numbers may be actually 
increased by the method used for catching the fish. In a trawl, for example, 
the catch is dragged along the sea floor, in the mud of which are many types 
of spoilage organisms, and it is unavoidably squashed and rubbed. However 
careful the fisherman may be, some contamination is inevitable. 

Fish spoilage, at least of fish caught in temperate waters, appears to be 
largely due to bacteria. Enzymic spoilage may initiate certain changes that 
make it possible for the bacteria to attack the flesh, but the major changes 
associated with spoilage are largely due to bacteria. Indeed, pieces of fish 
flesh, cut out of the freshly caught animal with great care in order to prevent 
contamination, may, if kept sterile, remain for considerable periods without 
apparent deterioration. 

Knowledge of the types of bacteria responsible is still only scanty when 





compared with, for example, the knowledge of types that cause the spoilage 
of milk. In temperate and Arctic waters the bacterial flora of fish is of a type 
known as psychrophilic, or cold-loving. The temperatures at which psychro- 
philic bacteria will grow are low; they will, for example, continue to grow on, 
and spoil, fish that is stored in crushed ice. Some are able, indeed, to grow on 
frozen fish down to a temperature of about—10° C. The bacteria normally 
found on meat, on the other hand, and upon fish in tropical waters will not | 
grow, or will do so only with difficulty, at a temperature of 0° C. It is for this } 
reason that rapid and efficient chilling in ice of fish caught in tropical waters 
produces a quite spectacular increase in the edible ‘life’ of the catch. 

Food-poisoning bacteria do not grow at the low temperatures around 0° C. 
that are suitable for psychrophilic forms; fish from temperate and Arctic | 
waters is consequently bad long before it becomes a hazard to health. Fish | 
caught in the tropics, on the other hand, since temperatures are very much 
higher, becomes bad quickly but may also be infected with food-poisoning 
bacteria. 

Although bacterial spoilage is the main cause of the deterioration of wel 
fish, certain fish products may deteriorate in other ways. One of the most | 
important types of deterioration is rancidity. Fish oils readily combine with } 
the oxygen of the air, in much the same way as does linseed oil in paint, and 
in doing so develop flavours that can be highly objectionable. In badly affected | 
specimens these chemical reactions cause marked alteration in appearance. 
It is the fatty fish that are most liable to spoilage of this kind. 
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THE BASIS OF THE TRADITIONAL METHODS OF PRESERVATION 


Bacteria require a considerable amount of water in their environment in order 
to be able to grow. If water is removed, or is no longer available to them, then 
they can no longer grow and increase in numbers. 

The simplest traditional method of preservation is drying. Water is removed 
from the fish merely by allowing it to evaporate until the amount that remains 
is insufficient for bacterial needs. Salting works in a similar manner; a consi- 
derable quantity of water is drawn off during the salting process, and is largely 
replaced by salt, and the product is usually finally dried as well. 

Smoking acts in rather a different manner. The smoke given off by smoul- 
dering wood contains a complex mixture of substances, some of which are 
powerful bactericides. These are sufficiently preservative in themselves if present 
in adequate quantities; traditional smoked products are smoked for long 
periods and must pick up relatively high concentrations of these chemicals. 
In addition, however, the smoking process almost inevitably involves some 
drying. Furthermore, many traditional products are salted as well as smoked, 
so that preservation is finally the result of a combination of the three methods of 
preservation. 

Smoking is also important because some of the constituents of the smoke 
are anti-oxidants, that is, they slow down or prevent the combination of oxygen 
with the fat. Drying and salting accelerate oxidation and smoking is therefore 
almost essential as a method of preserving fatty fish unless some special method 
is used to exclude air. Herring preserved in saturated brine are stored in air- 
tight barrels; once these are opened, the fish rapidly become rancid. 


THE TECHNOLOGY OF TRADITIONAL PRODUCTS 


Traditional products are in general made by methods that involve a great deal 
of handling by skilled and semi-skilled operatives. If fish is to be properly 
dried, for example, it must be laid out in the sun and wind. Drying must not 
be too rapid and there must not be too much sun, otherwise the fish may be 
cooked. At certain times, which can be judged by an experienced worker, the 
fish must be stacked in order to allow moisture to equilibrate throughout the 
fish, and so speed up drying again, after the outside of the fish has become 
somewhat hardened and dried. 

This process can be mechanized, and kilns for drying salt fish, such as salted 
cod and ling, are in use in a number of countries. It would be interesting to 
know how many of these kilns have been properly designed in order to give 
uniform drying with maximum efficiency. Although the amount of skilled 
handling may be reduced by the use of kilns, and the uniformity of product and 
speed of production possibly improved, there is to be set against this the 
initial outlay on the kiln and the cost of power to work it. There is no great 
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virtue in producing an excellent article that is beyond the pocket of the consy. 
mer. 

Salt fish may be rendered unsaleable for a number of reasons. The salt that 
is used is often prepared by evaporation of sea water in closed ponds in dry 
maritime regions. This is the so-called ‘solar’ salt. The size of the salt crystals 
from this process is fairly large and very suitable for salt curing but unfortunately 
certain impurities are inevitably present. Of these impurities, calcium and 
magnesium chlorides and sulphates are particularly important. Although these 
help to produce an attractively white product, they can help to bring about 
spoilage because calcium and magnesium chlorides absorb moisture from the 
air. The salt fish may thus become sufficiently damp to allow the onset of 
certain types of deterioration. 

Solar salt is usually contaminated with halophilic bacteria. These, as their 
name implies, can grow in concentrations of salt that would prevent the growth 
of other types. These halophilic types cause ‘pink’, a condition in which the 
bacteria grow in sufficiently large numbers on the surface of the salt fish to 
produce pink colonies. ‘Pink’, although it usually occurs on salt fish during 
production and before it has been dried, can also occur on the finished product 
that has become damp again. Certain steps, such as attention to cleanliness 
and the bacteriological purity of the curing salt, can minimize the effects of 
‘pink’. At temperatures below about 5° C. the organism grows very slowly, 
and mechanical refrigeration can be used for controlling the incidence of this 
trouble when it occurs in a factory, although this solution is a somewhat 
expensive one. 

Another type of spoilage caused by mould can also be troublesome. It has 
been claimed that this can be controlled by a relatively cheap and non-toxic 
chemical, sorbic acid. Smoked products may also be attacked by moulds, 
especially in tropical areas where temperatures and humidities are high. 


The use of some of the new types of plastic wrapping material might help to | 


reduce the problem here although unfortunately these cannot be a complete 
answer because of the ravages of insects. Perhaps the use of a plastic/metal 
foil laminate would solve both problems. 

The production of such traditional products as cured herring can be modern- 
ized. The traditional method, still in use in certain places, involves gutting 
the fish by hand, packing it by hand in salt in barrels, leaving it for a period, 
and finally filling up the barrel which is then lidded. Hand-gutting is slow and 
machines are available that will do as good a job. Hand-packing is also slow 
and requires a lot of labour. It has in fact been shown that good products can 
be made by putting the fish into large vats. Such a practice would avoid the 
necessity for at least one hand packing. It is usual to leave the heads on, al- 
though the gills are carefully removed. The heads are not eaten and there is no 
obvious reason why they should not also be removed. More fish could then 
be packed into the same space. 
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Traditional methods of smoking, if carried out on any scale, are difficult to 
control. The process is usually carried out by hanging fish in what is virtually 
a chimney. A fire of sawdust or wood chips is lighted at the bottom and the warm 
smoke rises, drying and smoking the fish as it does so. Although this happens 
in theory, in practice things are rather different. The smoke does not rise 
evenly up the chimney but swirls or eddies or even passes only up one wall. 
Moreover, it is almost inevitable that fish at the top of the kiln dries much 
more slowly than that at the bottom, since it is always in virtually moisture- 
saturated smoke. This top fish must therefore be moved about in the kiln during 
smoking in order to bring it down into the fairly dry smoke and so make a 
reasonably uniform product. 

The movement of smoke and air in a chimney depends entirely upon natural 
convection. Air is warmed by the fires and becomes lighter than the colder air 
outside and in consequence begins to rise. It becomes to some extent cooled by 
the evaporation of water from the fish. Some difference in temperature between 
that of the smoke inside and the air outside is necessary if convection is to take 
place. There is a maximum temperature, however, above which it is not safe to 
go, or the fish inside the kiln may become so soft that it will fall into the fires. 
Even in the production of hot-smoked products, close control of temperature is 
desirable. For example, some preliminary drying of the fish in order to toughen 





the outside is essential before the temperature of the kiln is raised. It may, 
however, be extremely difficult, if the outside air is warm and humid, to burn 
the fires hot enough to keep the smoke moving within the kiln without excessi- 
vely heating the fish. 

There are a number of other disadvantages of traditional kilns which are 
perhaps less obvious at first sight. Ash from the fires is sometimes whirled up 
the kiln in a sudden gust of air, and settles on the fish. Mould spores, present 
initially in sawdust in large numbers, are also deposited on the fish and may 


_ germinate and grow there. 


Attempts have been made at various times and places to make the traditional 


_ kiln more easily controllable. Nothing very much can be done to improve 


kilns that work by natural convection, and modern mechanical kilns depend 
upon the forced circulation of air and smoke. Control of temperature and 
-humidity is also necessary, and in practice the temperature of the smoke 
_is controlled by electric, steam or gas heaters and by the admission of 
fresh air. 

One very successful attempt to provide an alternative to the traditional 
| kiln has provided the so-called Torry kiln. This was first designed in 1939 and 
a the last few years has become adopted on an increasing scale by the British 
' fish-smoking industry. Smoke is generated in special ‘fire boxes’ outside the 
| kiln proper and is drawn by a centrifugal fan into a duct; here it is mixed with 

air and heated to the required temperature by thermostatically controlled 
electric or steam heaters. The smoke stream is made regular by an appropriate 
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series of baffles and is then blown horizontally across the fish, which is hun; 
on trolleys. A proportion of the smoke is directed up the chimney and th 
rest, perhaps as much as 80 per cent, is mixed with fresh air and smoke andj 
recirculated. Provided trolleys are turned about and are interchanged in th 
middle of the process, the product is far more uniform than anything thatcq 
be obtained from traditional kilns. Uniformity is, however, less important thy 


speed; Torry kilns can cut down smoking times very considerably compare| 


with those necessary in traditional kilns. 

The essential point is, of course, that any attempt to improve tradition, 
methods must, if it is to be successful, be based on an adequate knowledge of tk 
technological requirements in making a particular product. Many mechanic) 
kilns have been devised that have in no respect been satisfactory, because the 
could not do the job they were supposed to do. 

Properly designed mechanical kilns could be used for many of the operations 
still employing traditional kilns. Mechanical kilns might indeed be used ij 
situations where traditional kilns cannot be used, because of high temperatura 
and humidities. The limiting factor deciding the speed with which tradition 
products can be made in mechanical kilns is the rate at which water can diffuy 
from the moister centre parts of the fish to the drier exterior. 





LIGHTLY SMOKED PRODUCTS 
The lightly smoked and salted products eaten today in the more highly indy 
strialized countries are of fairly recent origin. Light smoking produces an artick 
only slightly less perishable than fresh fish; rapid distribution to the consumer 
is therefore essential if the products are not to become stale before they ar 
eaten. 

The smoking of fish has lost its traditional significance; fish is nowaday 
smoked to give it a pleasant flavour and not to preserve it. Many traditiond 
products contain a high proportion, perhaps 10 per cent or more, of salt’ 
The so-called sophisticated products of today contain no more than 3-4 per cent. 
Indeed, it is the practice in certain continental firms producing hot-smokei 
fish, to smoke the fish and then to sprinkle salt over it just before it is put into 
boxes for distribution. 

The consumption of these lightly smoked products in industrial countries 
is not increasing; in some it is in fact fast declining. It would be interesting 0 
know why this should be, for the explanation often put forward, that it is du 
to the competition of other foodstuffs, does not seem to be the reason for tht! 
very rapid decline in consumption of these products in Britain in the past - 
years. It may be partly a question of convenience and this theory is supported 
to some extent by the increasing sale of lightly smoked products that are froze 
and sold in consumer packs containing a few portions. These ‘pan-ready 
products are relatively expensive, but the consumer is paying for convenien. 
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Another possible reason for decline in consumption is the variable quality of 
what is sold. 

Poor quality is largely due to faulty processing and bad handling. Other 
factors may also contribute, however. Briefly, then, poor quality is due to 
stale raw material, bad processing, or excessively long storage of the product. 
Traditional fish industries tend to be spread out along coasts. Any beach or 
inlet that is suitable for small boats may be used by fishermen. Small communi- 
ties exist at these spots, and the catch is turned into the appropriate products 
almost as it is landed. Industrialization brings about centralization. Vessels 
become larger, engineering services are required and, as the diet of the popula- 
tion changes and more perishable forms are eaten, so rapid transport services 
become important. The catch thus tends to be landed in a few large centres 
instead of a lot of little ones. This situation encourages the growth of large 
processing factories in which a considerable amount of capital is invested and 
in which a large labour force is employed. These factories must, if possible, 
be supplied with fish all the time. The self-employed man producing traditional 
products can, if fish is scarce, turn his attention to some other essential opera- 
tion, such as repairing his kiln or collecting supplies of wood, but the large 
factory cannot stop. Fish may consequently be transported long distances from 
other ports to the factory, during which time it may deteriorate seriously. 
Raw material may also be used that is by no means suitable. 

The smoking process itself has already been discussed. Control of the process 
is in some ways less important with traditional products than it is with the 
modern products, for in the latter the small quantities of substances from the 
smoke which are present on the fish are important because of their effect on 
the keeping quality of the product. Traditional products are smoked for such 
a long time that even quite considerable variations in the large quantities of 
substances from the smoke from one fish to another are unimportant. 

The peculiar nature of industries handling highly perishable commodities 
such as fish is also a factor contributing to bad quality. A fish smoker buys 
today fish that he hopes to sell tomorrow. He will, of course, have some regular 
orders, but he will not in general know whether he will be able or not to sell 
all his production. He may find tomorrow that he has smoked too little or too 
much. His experience will probably be that everyone will want his products 
when fish is scarce and expensive and in small demand when it is plentiful. 
The fact that these modern products keep slightly better than wet fish may 
encourage the smoker to store them for a day or two in the hope that markets 
will improve. Even if they do, the products may be stale by the time they reach 
the retailer. 

A further important cause of bad quality is the use of improperly frozen 
and cold-stored raw material. Frozen fish can provide a useful supply of good 


| fish when fresh material of suitable quality is not available; but this is true 
| only if the frozen fish has been suitably handled. This will be discussed later. 
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The retailer is also not entirely blameless for he may keep the products jp 
stock for some days before he sells them. Even the consumer, perhaps subcon. 
sciously thinking of traditional products, must share part of the blame, for 
he often keeps them in the home for longer than is desirable, and they suffer 
in consequence. 

If good-quality, lightly smoked products are to reach the consumer, control 
of the process and the raw material is essential. This implies close attention 
to the methods of handling and stowing the catch on the vessel, some grading 
of the catch at landing, possibly associated with a price differential for the 
best raw material, and careful handling of the fish until it is processed. Some 
control of the quality of the product leaving the factory and of the distribution 
network is also necessary. It may be that some of these desirables cannot be 
controlled. It does not necessarily follow, however, that control must be 
in the hands of government. A large firm owning both processing plant and 
retail outlets may very well find it worth while to introduce controls; indeed, 
experience suggests very strongly that this is true in North America, Britain 
and a number of other countries. Less progressive firms, if of any size, are 
slowly forced to adopt similar controls, if they are competing for the same 
market. 


‘FRESH’ FISH 


The consumption of fresh fish, that is to say unprocessed or wet fish, on any 
scale has been made possible only by rapid transport. The introduction of the 


use of ice on fishing vessels has made possible the exploitation of distant 


fishing grounds. At the present time, for example, British trawlers are making 
trips of about 20 days’ duration to the Arctic. The journey to and from thes 
prolific grounds may take four to five days and this therefore sets a limit to 
the freshest fish that can be landed. The stalest fish is nearing its limit of edibi- 
lity at 15 days in ice; without the use of ice it would be quite inedible. Countries 
such as Norway and Iceland, with cold climates and with prolific fisheries 
just off their coasts, have no great problem in the transport and distribution 
of wet fish. Countries with warmer climates or greater distances to transport 
fish, however, may have very considerable problems. 

The crux of the matter is this; wet fish is highly perishable and, in temperate 
areas, inevitably covered with spoilage bacteria able to grow at 0° C. These 
bacteria are very sensitive to temperature since a slight rise steeply increases 
the rate of spoilage. At 10° C, for example, Arctic cod, one of the commonest 


species of non-fatty fish, goes bad about 54 times as fast as it does in ice. 


It is obvious that temperature is therefore extremely important in deciding 
the quality of fish reaching the consumer. 

During the last few years a number of surveys of commercial practice have 
been made in Britain by scientists of the government Department of Scientific 
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and Industrial Research. These surveys have revealed a great deal about the 
conditions of fish handling and distribution and the general findings may -be 
of interest elsewhere. 

Ice is widely used in the British industry. All distant-water trawlers and 
almost all those fishing waters nearer home use copious supplies with which 
to stow the catch. Large quantities of ice are also used on fish that is to be 
distributed from the ports to the retailer. It might be assumed, therefore, that, 
at least in respect of temperature, little improvement in current practice could 
be achieved. These surveys have shown that fish on distant water trawlers is 
well iced, and the bulk of it is at 0° C. when it is landed. There is, however, 
some room for improvement. Heat from the sea, for example, enters the 
fish hold through the sides and, unless these are properly insulated, can melt 
a large quantity of ice. The result is that fish nearest the sides of the ship may 
become warmed to a considerable extent. 

When fish is landed at the port it is separated from the ice in which it was 
stowed and laid out for sale. At this stage the temperature begins to rise and 
continues to do so until, some hours later, after it has been processed, it is 
packed into a box for transport to the retailer or to another market. Insufficient 
ice may be used for packing the fish, or it may be put in the ends of the box 
where it has an insignificant cooling effect on most of the fish. The result of 
this is that fish often reaches the end of its journey at a very much higher 
temperature than it ought to and sometimes with its quality much impaired. 
Temperatures could be kept somewhat lower by the use of refrigerated railway 
wagons, but this would probably be an expensive way of achieving relatively 
small advantages. The use of adequate quantities of ice distributed in the right 
places in the boxes would be much more effective in keeping the temperature 
of fish low. In warmer climates, however, the provision of adequately insulated 
} vehicles may be essential. 

Retailers do not in general use ice for keeping wet fish cool. There are a 
number of reasons for this, but, in Britain at all events, one reason is that 
mechanical refrigeration is regarded as being both more convenient and 
more efficient. Very many British fishmongers have their own chill stores, 
running at temperatures around 0° C., and a considerable proportion have 
refrigerated display equipment. What is not as widely understood as it deserves 
to be is that refrigeration equipment, unless it is specifically designed to do so, 
is made to keep cold foodstuffs that are already cold and not to cool them 
down. They will, of course, cool foodstuffs, but only very slowly and then to 
the possible detriment of other foods in store. 

The established manner of selling wet fish in Britain is also a factor rendering 
the proper handling of the commodity peculiarly difficult. Although the butcher 
or the grocer can keep his stock of meat or butter in the refrigerator until a 
customer is to be served, habit decrees that the fishmonger must spread out his 
stock for everyone to see. If, for example, cod is not on display, then the 
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public assume that it is not available. Fish spread out in thin layers will war 


up to the temperature of the surrounding air very much more rapidly thanjt} ; 
will if left in a pile or in a box. Fish is a poor conductor of heat, and that on th} ; 


outside of a pile will to some extent insulate that in the middle. During th 
surveys mentioned above, temperatures as high as 25° C. were observed ji 
fish on display. The quality of the commodity reaching the consumer cannot by 
be greatly impaired by treatment such as this. There is no doubt that if retailer 
had some technological knowledge, they could do much to retain the quality 
of fish while in their hands. 

Part of the difficulty may be, however, that the retailer rarely sees really 
fresh fish. There may be numerous reasons for this; the fishermen or the middle. 
men may not handle the commodity properly, for example. By careful training 


it should be possible to remedy matters. Another possible cause of stalenes} ; 


is, however, the fact the fishing grounds are a long way from port, and th 
vessels must stay out for a long time, in order to catch enough fish to mak 
it worth their while to make the trip. In consequence, at least part of the catch 
may be approaching staleness before the fishing vessel docks. Quite apart, 
therefore, from the desirability of improving the quality of fish landed, itis 
desirable to make it possible for vessels to stay longer on the fishing ground. 


The distance of the Arctic fishing grounds from the ports, and the cons} j 


quently long voyage necessary to exploit the grounds, has given rise toi 
number of suggestions of ways in which the catch may be preserved for period 


longer than those possible by the conventional methods that rely on ice. Ii} ; 


has often been suggested that some bactericidal substance applied to the fish, 
or to the ice in which it is stowed, might extend its edible ‘life’. Such toxi 


chemicals as boric acid have actually been employed on occasions. Sodiun 


nitrite is permitted today in certain countries, although the concentration 
allowed are rigidly limited, since this substance in all but small quantities ca 
be toxic. A more promising possibility is the use of antibiotics in the ice. Tw 
antibiotics have been found to be particularly effective against fish spoilag 
bacteria. These are oxytetracycline and chlortetracycline, both used medically 

Unfortunately, at least as applied in the Arctic fishery, these substanc 


would appear to be more effective in increasing yields than in improvin} 


quality. The reason for this is that antibiotics do not appear to prevent tht 
early stages of spoilage. When they are applied to cod, for example, no differ 
ence can be detected between treated and untreated specimens from the samt 
haul stowed in ice until about the twelfth day when the quality is but mediocr 
anyway. Cod well stowed in ice becomes inedible after about 16 days, but tht 
treated fish remains edible until 25-28 days after catching. Quite apart from 
questions of quality, however, is the consideration of the possible medical 
hazards involved. It is important that only vanishingly small quantities 
antibiotic should remain in the foodstuff, because there is otherwise a tis 
of resistant strains of disease-carrying bacteria being produced. Evident 
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suggests that only minute traces of antibiotic, if any at all, remain in fish after 
it is cooked. Some control of the use of these substances is, however, necessary 
in order to ensure that the limits of safety are not to be overstepped. 

In considering the problems of wet fish handling and distribution, some 
mention should be made of the special importance of ship design. Whether or 
not the catch can be adequately stowed with a minimum amount of deteriora- 
tion may largely depend upon whether or not the hold is adequately insulated. 
The material used for lining the hold is also important, since wood lining, 
unless it is properly treated, usually soaks up the fish juice and can cause a 
most unpleasant type of spoilage. Attention to these details could ensure that 
vessels landed their catches in the best condition possible consistent with 
length of trip and type of fish. The limits to length of trip have now been reached 
if wet fish is to be landed. A more promising proposal is to freeze fish at sea. 


FROZEN FISH 


The freezing of fish may be looked upon as the culmination of technological 
progress to date. The objects of freezing are quite different from those of the 
traditional methods of preservation for, whereas in traditional products there 
is no pretence to making an article remotely like the original fresh fish, freezing 
aims at producing something indistinguishable from fresh fish. If properly 
frozen and cold-stored, fish may be eaten in excellent condition months after 
it is caught. Badly frozen and stored fish, however, may be inedible within a 
week or two. A thorough understanding of the technology of the process is 
necessary if products of a uniformly high standard are to be made. 

In the early days of freezing, at the beginning of this century, it was believed 
that the freezing techniques that worked reasonably well for meat should 
work when applied to fish. In fact, however, fish is a much more difficult 
commodity to handle successfully. In the first place, the raw material must be 
really fresh; the control of these supplies is much more difficult than for meat, 
for the fisherman must catch when and where he can while the slaughterer can 
pick his beasts at their prime. Considerable capital investment and skilled labour 
is involved in a freezing plant and it must, if it is to be profitable, be kept in 
production all the time. There is consequently a danger that, when suitable 
fresh fish is not available, stale material may be used. 

Rapid freezing is also necessary if the texture, at least, of the product is not 
to suffer. This was one cause of poor quality in the early days. Probably the 
most important point of all, however, is that the storage temperature must be 
low enough. Temperatures for fish preservation are considerably lower than 
those for meat and if fish is to be kept in reasonable condition for any length 
of time it must be kept at —25 to —30° C. 

The type of deterioration that occurs in frozen fish is quite different from 
what is found in the fresh article. This fact may account for some of the bad 
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reputation that this commodity has had in the past in some places, for th 
consumer associates these unusual and unpleasant flavours with frozen fis) 
as such and not with badly frozen fish. Provided the storage temperature js 
below about —10° C., the psychrophilic bacteria cannot grow, although the 
will remain alive and will start growing again when the fish is thawed. Som 
of the tissue enzyme systems may become more active, however, at temperature 
just below freezing point, owing to the removal of some water as ice and th 
consequent concentration of soluble components in the remaining fluid. 

The proteins of fish muscle also easily become denatured in cold store if 
temperatures are too high. The effect of this is to make the flesh tough an 
stringy, and a lot of fluid will be lost as ‘drip’ on thawing. Quite apart from 
these changes, however, fish may develop characteristic ‘cold storage’ odour 
and flavours that, although difficult to describe, are nevertheless easily reco. 
gnized. 

Fatty fish, such as salmon, herring or tunny, deteriorate also because of 
oxidation of the fat. This oxidation, chemically similar to the drying of a layer 
of paint or of linseed oil, can produce highly objectionable rancid flavours. 
In bad examples, the flesh looks rusty and the fat becomes thick, brown and 
gummy. This reaction is catalysed by blood pigments and is accelerated by 
drying and the presence of salt. One method of freezing that was very much 
used in the early days, and which is still employed today in some countries, 
was to immerse the fish in very cold brine. The rate of freezing under thes 
conditions is rapid, but some traces of salt remain which promote rancidity. 
Brine-frozen fish therefore tends to become rancid more quickly than fish 
frozen by other methods. 

At temperatures of storage that are not low enough, these changes can occur 
at a very rapid rate. Some drying of the surface of the commodity is almost 
unavoidable, even in cold-stores that are well designed and operated. Faulty 
handling or badly designed cold-stores can greatly increase the rate of 
deterioration. 

The essential point is that proper freezing and cold storage requires consider 
able technological skill. No longer is a traditional product being handled int 
traditional way. An entirely new product is being produced; if it is to b& 
acceptable it must be handled scientifically. Surveys carried out in a number 
of countries including North America have indicated that conditions in th 
production and handling of frozen fish are not all that they should be. The 
precise reasons for this situation need not be considered here; the result, 
however, is that otherwise good products may be ruined long before they 
reach the consumer. Poor quality products may also be due to the use of poor 
quality raw material. 

Good quality frozen fish could be obtained by freezing it at sea. The obvious 
way of doing this is to use the factory ship, and since the war a number of 
vessels built to catch, process and freeze fish have been built. Another possible 
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method is to transfer catches from the catching vessel to another ship for 
processing and freezing. This may perhaps be more efficient provided the catch 
can be transferred from catcher to factory ship without damage or loss 
of quality. Yet another is to build a trawler that can freeze part of the catch. 
This vessel would land a cargo of frozen fish and iced fish. This last proposal 
has the attraction that the refrigeration machinery is so designed that it can be 
operated by fishermen and does not require specially trained labour. 

In those countries that have adequate supplies of fish close to their shores, 
there seems no advantage in using the factory ship for shore-based freezing 
establishments are generally cheaper to operate than floating ones. 


FISH TECHNOLOGY AND THE FUTURE 


There is no doubt that two prime needs of the immediate future are a much 
greater research effort and greater attention to the transmission of research 
results. The scale of technological research has greatly increased since the 
war; a considerable number of new research and training institutions have 
been established and existing laboratories have been extended. New interna- 
tional organizations, such as the Indo-Pacific Fisheries Council, have also been 
created and are performing a most useful function in stimulating investigations 
and in spreading technological information. Enormous improvements in fish 
handling and processing methods are possible if these efforts can be 
continued and extended. 

In many areas, however, the poverty of the fishing communities and of the 
areas they serve, the lack of suitable equipment and organization for handling, 
processing, storage and transport constitute serious problems. It is very easy 
to say, for example, that the use of adequate quantities of ice in tropical areas 
would vastly improve the quality of fish both before and after landing and 
reduce wastage. In many areas the necessary ice-making machinery is not 
available or, if it is, the standard of living is not sufficiently high for 
the consumer to afford the additional cost of the ice involved. Even in a difficult 
situation such as this, however, the technologist may be able to suggest ways 
of improving the existing processes without introducing new equipment. Even 
apparently simple operations, such as drying of fish in the air, for instance, 
may be rationalized and improved by a deeper understanding of the processes 
involved. Of recent years, FAO has used expert consultants from various 
countries or from the Organization itself to advise on the spot on specific 
problems. This type of scheme is without doubt open to much greater extension. 

Even within industrialized countries, however, there is a great need for 
technological information and training. Some countries, such as Japan, do 
have full university courses covering various branches of fish technology; 
other countries have nothing at all. In Britain this problem is now beginning 
to be tackled in a number of ways at various levels. A short course is run 
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annually at the Torry Research Station for people engaged mainly in th 
processing side of the industry. In addition, evening lecture courses are being 
given at the three largest ports under the auspices of the local technical colleges, 
Scientists from the Torry Research Station also travel all over the country 
to lecture to various trade groups. An effort is being made to extend the amount 
of technical information easily available by use of pamphlets, books and films, 

These efforts are regarded, however, as preliminary steps. It appears to the 
author that, in Britain and no doubt elsewhere, a more formalized training 
for people in and entering the industry, leading to a generally recognized 
qualification is necessary if practice is to be greatly improved. 

There is a long way to go before the potentialities of all the existing methods 
of handling and processing now available are fully and universally realized, 
Modern methods make feasible the fuller use of fish for human food on a scale 
not previously possible. Freezing, for example, offers a means of regulating 
supplies so that periods of surplus and scarcity need no longer be felt by the 
consumer. Traditional products, also, of a type popular in one part of the 
globe may be made elsewhere. This is done today in the case of salt fish whichis 
exported all over the world from countries with a surplus, such as Norway, 
Iceland and Newfoundland. There are, however, many other types of traditional 
products that could be made and exported from those countries with surpluses; 
the only essentials for such a trade appear to be a precise knowledge of the 
methods of manufacture and an assured economic market. 

The fish technologist has a definite contribution to make to the feeding of 
the world. His prime function must be to show the ways in which available 
resources may best be used to provide attractive and varied food products, 
Although man’s methods of fish processing and handling are still in many 
ways and places neolithic, he should not for too long be denied the mor 
abundant choice that science. and technology promise. 
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SCIENCE 
AND THE ROAD TRAFFIC PROBLEM 


by 
G. CHARLESWORTH! 


G. Charlesworth, B.Sc., Ph.D., F.Inst.P., is now Head of the 
newly formed London Traffic Management Unit, Ministry of 
Transport, United Kingdom. A graduate of Leeds University, 
in physics with electrical engineering, he was with the Road 
Research Laboratory of the Department of Scientific and Industrial 
Research from 1939 to 1960. In 1953 he was seconded to the 
United Nations to advise the Brazilian Government on traffic 
problems in Rio de Janeiro, and in 1954 was a:member of the 
OEEC mission studying traffic engineering and control in the 
United States of America. 


INTRODUCTION 


The development of means of moving people and goods has been one of the 
dominant factors in the development of civilization as we know it today. 
Economic development has, of course, depended on many factors such as 
technological progress and availability of resources, but these have depended 
for their exploitation on the provision of good transport facilities to make 
materials and markets more accessible and labour more mobile. 

During the past 15 to 20 years the high level of employment and rapid 
advances in technology generally have helped to build up a powerful demand 
for travel. With these technological advances productivity has been increased 
and at the same time working hours have been reduced. People now have more 
leisure and more money to spend on it and one of the commonest uses to which 
this increased wealth has been put is the purchasing of motor cars. The growth 
of car ownership is closely associated with the rise in the standard of living 
and in many countries the ownership rate has been increasing rapidly. Goods 
transport by road has also been increasing substantially and many parts of the 
road system are showing signs of strain under the increasing traffic load. This 
is particularly true in towns at peak periods and a situation is arising where 
congestion is increasing proportionately much more rapidly than traffic. 

There are many ways in which the motor vehicle affects people and social 
conditions generally. With regard to employment, roads and their. traffic 
directly affect a large proportion of the population. The motor vehicle has 
made labour more mobile and has made it less necessary for the worker to 
live near his place of employment. It has also a particularly striking influence 


‘ 
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1. Lam indebted to my colleagues at the Ministry of Transport and to Sir William Glanville and his staff at the Road 
Research Laboratory for their comments during the preparation of this article. 
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on holiday travel. At weekends in the summer months severe congestion js 
experienced on many of the routes to seaside resorts and other holiday places, 

The increase in road traffic has, however, led to an increase in road accidents 
These accidents constitute a serious problem and authorities are constantly 
seeking ways of promoting safer conditions for travel by improving traffic 


laws and by improving the physical condition of both roads and vehicles, 


For many people also the growth of traffic has had disturbing effects on 
amenity. The need to find ways of preserving many of the valued yet intangible 
qualities of the countryside and of the town in face of the economic pressures 
of increased car ownership is recognized but as yet no clear solution to the 
problem has emerged. 

Roads are important instruments of administration, a fact which was 
clearly recognized by the Romans, who attached great importance to comm 
nications in governing their territories. This means that the adequacy of the 
road system should be constantly reviewed, and it may be noted that the 
inadequate state of the roads seems always to have been a source of public 
complaint. The authorities concerned have to determine what the needs are 
for building new roads, for repairing existing roads and for deciding how 
resources should be allocated. When decisions are made on these matters many 
factors must be taken into account. But such decisions can be greatly facilitated 
if it is possible to make some estimate of the economic returns which are 
likely to accrue from expenditure on roads and on other investments. 

The advent of the motor car and especially the rapid increase in its use, 
besides stimulating administrative action in relation to highways, has also 
given rise to considerable legislation concerning traffic and vehicles. Some 
rules were obviously needed to regulate the kind of vehicle and driver allowed 
on the road, and also to regulate the way vehicles are operated. Traffic legisla- 
tion is relatively new and varies widely from country to country. Attempts 
are being made, however, through the United Nations to secure greater unifor- 
mity in certain regulations affecting roads and road traffic. 

The problems of road traffic are thus complex and far reaching. They are 
in part economic and in part sociological; they have engineering, aesthetic, 
and psychological aspects; and they involve human activity to a marked 
degree. Those responsible for deciding what to do about these problems have 
a difficult task. There is no simple panacea for traffic problems; the measures 
required are many and varied. Increasing use is now being made of scientific 
methods to provide factual information on which to base decisions as to what 
particular remedies should be adopted. 


TRAFFIC ENGINEERING 


With the rapid increase in motorization in the USA in the 1920’s, following 
the introduction of the mass-produced car, it became increasingly evident 
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that new techniques were required to deal with motor traffic. Traffic could no 
longer be left to sort itself out, nor could it be left entirely to the police-to 
control. The engineer who was concerned with building roads had to think 
much more about their design as channels for traffic. Traffic control devices 
and ways of regulating the flow of vehicles began to be developed. Parking 
control and the provision of garages became necessary. In this way there 
gradually evolved a number of techniques for designing road layout and 
controlling traffic which collectively became known as traffic engineering. 
This was recently defined by the Institution of Civil Engineers in England as 
‘that part of engineering which deals with the traffic development of roads, 
frontages and parking facilities and with the control of traffic, to provide safe, 
convenient and economic movement of vehicles and pedestrians’. 

The first official traffic engineer was appointed in the State of Ohio in the 
USA in 1921 but it was not until ten years later, in 1931, that an organized 
body concerned with traffic engineering was formed; this was the Institute of 
Traffic Engineers in the USA. Starting with a handful of members, the institute 
now has a membership of about a thousand. Since World War II, interest 
in traffic engineering has spread to many other countries and in England the 
Institution of Civil Engineers has now set up a Traffic Engineering Study 
Group with the following objects: 

1. To promote the general advancement of the science of traffic engineering. 

2. To foster papers or other communications for submission to the Insti- 
tution. 

3. To arrange visits. 

4. To provide a forum where members of the group may meet to discuss 
problems in traffic engineering. 

The membership of the group is now over seven hundred. 

As traffic engineering has grown in importance so has the need for training 
in its techniques. Once again the USA gave a lead in this matter and definitive 
training at post-graduate level began in 1926 at the Bureau of Highway Traffic 
which was set up in Harvard University through an endowment from motor 
manufacturers. The bureau continues to receive financial support from the 
motor industry, but since 1938 it has been located at Yale University. In the 
last 15 years, courses have been started in several other universities and techno- 
logical institutions in the USA and in Europe; one of the most recent is at 
Birmingham University in England where a chair in Highway and Traffic 
Engineering has now been established. 

The demand for trained traffic engineers in the USA is said to exceed the 
supply. Graduates from the Yale bureau seem to have little difficulty in securing 
relatively well paid employment. In Great Britain there is also a shortage of 
trained traffic engineers which is due in part to the lack of training facilities 
hitherto and also to the lack of opportunities for carrying out traffic engineering. 
Howerver, the position in this respect is improving as the rate of car ownership 
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increases and the awareness of the need for traffic engineers becomes mor 
widespread. 


THE CONTRIBUTION OF RESEARCH 


In tackling the problems created by road traffic there seem to be three main 
courses of action to follow. First, it is necessary to find out the facts about 
the situation and to obtain the knowledge required to formulate ways of dealing 
with it; secondly, legal and financial powers must be obtained so that action 
can be taken; and thirdly, executive authorities must be created which ar 
capable of carrying out the remedial measures required. 

The administrators, the police and the engineers who are primarily respon. 
sible for dealing with the traffic situation have too often been hampered in 
their work by lack of adequate information and knowledge on which to base 
their actions. The rapid growth of road traffic has, however, brought to the 
fore the importance of taking a wider and more scientific view of the whole 
problem. As a result the scientist is being called in much more frequently to 
help those concerned with formulating policy and with carrying it out. 

Possibly the two most important centres for research into road trafic 
and safety problems are the Road Research Laboratory in the United Kingdom 
and the Bureau of Public Roads in the USA. Research is also carried out 
at other centres in these two countries and in many other countries including 
Sweden, France, Germany, India and South Africa. 

Very little traffic and safety research had been carried out in Europe up to 
World War II. However, in Great Britain it had become apparent that traffic 
problems and accidents were assuming serious proportions and a Select 
Committee of the House of Lords was set up in 1938 to inquire into the preven 
tion of road accidents. This committee recommended that an organization 
should be formed to carry out research on these matters but because of the 
war it was not until 1946 that a Traffic and Safety Division was established at 
the Road Research Laboratory of the Department of Scientific and Industrial 
Research. Up till then the laboratory had been concerned for the most pari 
with materials and methods of road construction. Research now carried out 


on traffic and safety embraces traffic engineering, road layout, road planning | 


and economics, street lighting, safety aspects of vehicle design and of road 
surface characteristics, and the road user. 

In the USA research on similar projects has been carried out, especially 
during the past 20 years, by the Bureau of Public Roads which is part of the 
Department of Commerce. Another body which plays an important role i 
research in the USA is the Highway Research Board. This is an autonomots 
agency of the National Research Council which represents many organizations, 
including the Bureau of Public Roads, interested in the development of highway 
transportation. The board has as its objects ‘to encourage research and 1 
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provide a national clearing house and correlation service for research activities 
and information on highway administration and technology’. ; 

As has been noted, there are several other places where research is being 
carried on and the question is often raised as to whether there should be closer 
co-ordination of research, especially in Europe. It seems inefficient for all 
countries to carry out their own research into all aspects of the problem 
although of course they should have access to information they require for 
their own particular circumstances. In the USA, the Highway Research Board 
provides a useful forum for the exchange of information and ideas. In Europe 
the International Study Weeks in Traffic Engineering organized jointly by the 
World Touring Organization (OTA), the Permanent International Association 
of Road Congresses and the International Road Federation provide a similar 
valuable opportunity for the exchange and appraisal of research results. Rather 
similar meetings are also organized in Asia by the Economic Commission for 
Asia and the Far East. In the field of road safety, a conference was held in 
July 1960 at the Road Research Laboratory in England under the auspices 
of the European Productivity Agency of the Organization for European 
Economic Co-operation to examine, amongst other things, ways of improving 
international co-operation and exchange of information among scientific 
workers studying problems relating to road safety. 

Some examples of the way in which research is contributing towards solu- 
tions to many traffic problems will now be briefly described. 


TECHNIQUES FOR TRAFFIC STUDIES 


The need for factual knowledge concerning traffic and its behaviour has led 
to the development of techniques for estimating the amount of traffic passing 
along the roads, the speed of traffic, the pattern of movement of traffic, traffic 
delays, parking requirements, accident rates and other matters. 

{t has been common for many years to see enumerators at the road-side 
taking censuses of passing traffic. Automatic devices for counting traffic have 
now been developed to facilitate this kind of work. Many drivers have no 
doubt noticed thin rubber tubes stretched across the road and attached to a 
box at the edge of the carriageway. These are traffic counters. As the wheels 
of the vehicle pass over the tube, a pulse of air is transmitted along it and 
this operates the counting mechanism in the box at the end of the tube. These 
devices enable counts to be carried out over a much bigger area and for longer 
periods than would be possible for the same cost if human enumerators were 
used. 

Speeds are usually measured by timing vehicles between two points a known 
distance apart. An interesting, result of the development of radar was the 
production shortly after World War II of a radar speedometer. This device is 
placed at the side of the road and directs a beam of very high frequency radio 
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waves towards the moving vehicle. Some of the waves are reflected from the | 


tt 
vehicle back to the meter but because the vehicle is moving the frequency nal 
of the reflected waves is not the same as of those which strike the vehicle—this ont 
is an example of the Déppler effect, a more familiar form of which is in the obta: 


change in the whistle note of a train as it passes by an observer. By comparing diffic 
the number of waves transmitted per second with the number received jt 
is possible to estimate the speed at which the vehicle was travelling. Radar Engl 
meters are used extensively by the police in the USA to help them in the Ac 
enforcement of speed limits.. 


wher 

When new or improved traffic routes are being planned it is important to of in 

work out where they should be located so as to attract most traffic, and to sitee 

estimate how much traffic they will be likely to carry when they are built. To com 
do this it is necessary to find out the pattern of the journeys which people } -; 

ae oda r nO ane pin-F 

make. This information is obtained by ‘origin and destination’ surveys. In As 

some of these surveys drivers are stopped on the road and asked about the | wort 

origin and destination of the particular journey they are making. In other| com. 


cases people are interviewed in their homes and asked to provide information | 4 er 
about journeys recently undertaken. This latter method is useful where all | ypic 
types of journey, not only those made by road, are of interest. The origin- Tr 
destination survey shows what amounts of travel there are between the various | corta 
origins and destinations and helps to locate the lines along which traffic most | 19 pg 
wishes to travel. How much traffic will in fact use any particular route rather | —_ gj, 
than alternatives seems to depend partly on the time and partly on the distance —acgig 
involved. There are probably other factors involved as well. However, empirical pass 
rules have been evolved which enable reasonable estimates to be made of the  gtati. 
way in which traffic will distribute itself on a given network of roads. | usefu 
Whilst the origin-destination survey can be used in existing towns, it is not | mad, 
practicable where new towns are being planned. Some method of predicting | pede: 
the traffic-generating potential of houses, factories, and other forms of land use | of ge 
is required. Moreover, if such information could be obtained it would obviously Th 
have application to existing towns as well. On the basis of information obtained } has p 
in surveys in existing towns it has been possible to work out various empirical safety 
relationships between the amount of traffic and such factors as population, | gych 
distance between origin and destination, purpose of journey, number of work § shou! 
places, but much more research into this subject is still needed. 
One especially useful technique which has been used in traffic work is the TRAF. 
‘controlled’ experiment. Experiments of this type have been conducted off 
the public highway on special test tracks and on disused airfields. For the tests | }t js 
several vehicles and drivers are assembled to act as ‘traffic’, and carriagewayS | ynde: 
and intersections are laid out in temporary kerbing. One such set of experiments, | to th, 
for example, was concerned with finding how the width of carriageway, compo | arriy; 
sition of traffic and presence of standing vehicles affected the amount of traffic | It is 
which could pass through an intersection controlled by signals. It was a simple "think 
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matter to vary these factors in the controlled experiment and in a relatively 
short space of time to estimate the effects of each of the variables. Of course 
such results must be checked against actual experience on the road, but to 
obtain similar amounts of information under actual road conditions is often 
difficult because the variables cannot be controlled in the same way. A specially 


. designed track has recently been built for the Road Research Laboratory in 


England which includes facilities for carrying out such experiments. 

Accident sites are frequently displayed on maps so as to identify places 
where remedial measures are needed. Maps are particularly useful as a means 
of indicating the concentration of accidents involving skidding on wet roads, 
since such accidents tend to cluster at places where turning or braking is 
common, e.g. at bends and on roundabouts. Accident black spots can thus be 
pin-pointed quickly and immediate remedial action taken. 

An important technique which has been developed for traffic and accident 
work is the ‘before and after’ study. By making studies both before and after 
some change is made it is possible to estimate the effect of the change concerned. 
A great deal of valuable information has been obtained in this way, some of 
which will be referred to later on. 

Traffic has many obvious similarities to a fluid flowing along a pipe and a 
certain amount of theoretical work has been done on this analogy but it remains 


_ to be seen to what extent the results of this theory apply in practice. 


Statistical models and concepts have proved very useful in traffic and 
accident studies. It has been found that the times at which successive vehicles 
pass a point on the road can be predicted quite reliably by a well-known 
statistical distribution (the Poisson distribution). This knowledge has proved 
useful in many connexions; for instance, it has enabled calculations to be 
made about the probability with which gaps will occur in traffic so as to allow 
pedestrians to cross the road. It has also been used in making calculations 
of delays to traffic at traffic lights. 

The variability inherent in road traffic and in the occurrence of accidents 
has meant that statistical methods have had to be used in designing traffic and 
safety expriments and in interpreting the results of such experiments. In all 
such work it is especially important that the possible effects of chance variations 
should be borne in mind. 


TRAFFIC CAPACITY OF ROADS 


It is obviously important to know how much traffic can pass along a road 
under a given set of circumstances. At an intersection there is clearly a limit 
to the amount of traffic which can be handled. When this limit is reached the 
arrival of more traffic results in continually increasing queues on the approaches. 


raffic | It is possible to think of the capacity of a road in much the same way as we 


imple 


think of a vessel of a given size which can only hold a given amount of liquid 
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and much attention has been given to estimating the maximum traffic floy 
which would occur if all the vehicles on a given road were to follow behing 
each other at minimum spacing and constant speed. But such conditions ar 
rarely, if ever, found in practice, the nearest approach to them probably 
being the flow on a heavily trafficked motorway. As a rule vehicles do not 
travel in this way. Gaps occur in the traffic, and in any case all drivers do not 
care to travel close together or at the same speed. Indeed most drivers would | 
probably prefer to travel under much less congested conditions. From a prac. 
tical point of view, therefore, it is necessary to consider some other definition of 
traffic capacity which allows for more ‘reasonable’ driving conditions. The 
decision as to what is ‘reasonable’ does, of course, introduce a degree of arbi- 
trariness, but that is probably inevitable. One solution is to define practical 
capacity as the flow of traffic producing a selected average speed. 

A considerable amount of information has been obtained about the capacity 
of roads and the influence on capacity of factors such as carriageway width, 
traffic composition, alignment, gradient. This information is embodied in 
standards used for design purposes. A further development in this connexion 
is the concept of an ‘economic capacity’ of a road, arrived at by relating the 
benefits to traffic from widening a road to the cost of carrying out the widening. 
As the amount of traffic passing along a road increases the speed falls, but if the 
road is widened, say from two lanes to three lanes, the same amount of traffic 
can be carried more quickly because overtaking is easier. A monetary value 
can be attached to the benefits from speeding up the traffic and the economic 
capacity of the two-lane road would be reached when the amount of traffic 
passing was just sufficient for the monetary benefits to justify widening to three | 
lanes. 








TRAFFIC CONTROL 


Traffic control is necessary in the interests of smoother and safer flow of 
traffic. Methods used for effecting this control include both physical ; 
measures (such as guard rails) and regulations. A considerable amount of 
information has now been built up about the value of these various measures, 
largely as a result of ‘before and after’ studies. 

One of the earliest controls imposed on motor traffic was the speed limit. 
Speed limits have always aroused controversy and still do, but gradually facts | 
are being accumulated about their effectiveness and these should enable a mort | 
objective view to be taken of limits. Careful studies have been made in recent | 
years of the effects of imposing various upper speed limits and these have shown 
that subsantial reductions in accidents can be achieved. Thus, in the year | 
after a 30 m.p.h. limit was imposed in built-up areas in Northern Ireland in | 
1956, there was a reduction of about a quarter in the number of personal , 
injury accidents in those areas. More recently 40 m.p.h. limits have been 
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imposed on roads in the London area, in some cases where previously there 
had been a 30 m.p.h. limit. On the roads where there was previously no limit 
personal injury accidents were reduced by about 20 per cent (and fatal or 
serious accidents by 30 per cent). Where the limit was raised there were no 
definite changes, although fatal and serious accidents showed some tendency 
to increase. However, much more research is still required to determine just 


| what limits, if any, should be used in any particular circumstances. In this 


connexion the various experiments now in progress, e.g. with upper limits 
at weekends in some European countries and the use of both lower and upper 
limits in some parts of the USA, will be viewed with great interest. 
Intersection control takes many forms. Where traffic is light and visibility 
good, no special control is usually required, although in) some countries 


| priority rules are in operation giving right of way to certain traffic even in 


such circumstances. As intersections become busier some more positive form 
of control is next introduced, usually requiring traffic on the minor road to 
slow down, yield right of way or stop altogether before entering or crossing the 
major road. As traffic volumes increase still further traffic signals, round- 
abouts and ultimately separation of the levels of intersecting roads are used. 
There is a lack of evidence about the value of general priority rules, but there 
is good reason to believe that most of the other measures are of value in 
preventing accidents. It has been estimated for example that, on the average, 
‘Halt’ signs and ‘Slow’ signs reduce personal injury accidents involving 
vehicles emerging from the side road by over three quarters; traffic signals 
reduce all personal injury accidents by 40 per cent; and roundabouts by 60 per 


| cent. 


Traffic signals are used most extensively in towns, and it is important that 
they should be used so as to cause minimum delay to traffic. It is therefore 
necessary to be able to estimate the delays that can be expected if the signals 
are set in various ways. By simulating the behaviour of traffic at a signal on 
an electronic computer it has been possible to calculate delays and to evolve 
tules for setting signals to the best advantage. As the number of signals increases 
it becomes advantageous to co-ordinate their operation so that traffic which 
has passed through one set of signals has a good chance of being accepted at 


neighbouring sets without further delay. Very extensive co-ordination has 
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been achieved in a system installed fairly recently in Baltimore in the USA, 
and it is probable that. considerable developments in area control of traffic by 
signals will take place in the future. 

One of the biggest problems in traffic control is that of regulating the parking 
of vehicles. It is no longer permissible for drivers to park their vehicles on the 
carriageway indiscriminately, and a conflict between the needs of free flow 
and of parking to load, unload or otherwise gain access to premises has to be 
resolved. Some facts which may help to resolve this problem are already 
available. Estimates have been made of the extent to which vehicles parked 
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in the street slow down other traffic. It is also known in what way vehicly 
parked near signalled intersections reduce the traffic capacity of those inter. 
sections. This kind of information is useful in helping to decide where prob. 
bitions should be imposed on standing traffic in the interests of free flow, 
There seems to be fairly general acceptance of the view that a solution to the 
parking problem in town centres will involve the provision of garage space and 
the control of street space for parking purposes. In the USA parking meter 
are used very extensively to regulate street parking and these meters are now 
being used in other countries too. An alternative to meters is the parking disc, 
first used in Paris and now being tried in several other European cities, No 
complete appraisal appears to have been made of the relative merits of the 
two systems but the operation of the dise system appears to be more expensive 
for the community as a whole and probably to require a greater amount of 
manpower to enforce effectively than the meters. 

It is very important that drivers should be able to find their way easily and 
direction signs should be designed to this end. A great deal of research has 
been done on this subject and is still going on. One of the main requirements 
of signs is that they should be legible, and it has been found that it is size of 
lettering rather than layout of sign or shape of lettering which is important. 
The higher speeds now being attained are leading to requirements for larger 
signs, and lettering over 12 inches high is used on many motorway signs, 
A contrast in brightness between the legend on a sign and its background is| 
necessary and there are some advantages to be gained from making signs of 
various classes in different colours and shapes. Signs used at night should be 
reflectorized if they are not illuminated directly. In this latter connexion 
considerable progress has been made in the use of beaded materials as 
reflectors. 

Carriageway markings have proved most useful in controlling traffic. The 
use of lane markings at traffic signals has been found to increase the traffic 
capacity of the signals appreciably. Lettering and arrows on the carriageway 
have also helped to improve driver behaviour; for example it was found that 
where the ordinary roadside ‘ Halt’ signs at junctions were supplemented by the 
word ‘HALT’ painted in large letters on the carriageway better observance of 
the signs was obtained and the junctions were safer. 

An interesting proposal has been put forward in the USA for electronic | 
guidance and control of vehicles. The idea is that by means of cables and cable | 
loops buried in the road surface and suitable equipment on vehicles it should / 
be possible to control the speed and spacing of vehicles automatically 50 | 
as to produce a safe and rapid movement of traffic even in busy conditions. | 
There are obviously many difficulties in the way of using such a system, but | 
a working prototype has been tried on a test track in the USA and further 
research is being undertaken in Great Britain. It is only by such further work , 
that the possibilities of the system can be properly assessed. 
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PEDESTRIANS AND CYCLISTS 


Pedestrians are presumably the largest te of road user and are particularly 
a problem in towns; statistics show that in Great Britain 90 per cent of pedes- 
trian casualties in road accidents occur in towns. Pedestrian casualty rates are 
highest on the busier roads and special attention has been given in research 
\ to finding safe ways for pedestrians to cross these roads. The striped (zebra) 
: pedestrian crossing is one result of such research carried out at the Road 
| Research Laboratory in England. This crossing was designed to be as conspi- 
_ cuous as possible to drivers and was developed as a result of model scale tests 
| on various designs. It was estimated that, in the year after these crossings were 
' introduced in Great Britain, a reduction of 7 per cent in pedestrian casualties 
could be attributed to them. 

| From studies of the relative risk to pedestrians crossing the road it appears 
that where pedestrians cross on the surface it is safer for them to do so at 
a signal—controlled junction than at a zebra crossing, although it is still much 
safer for them to cross at the zebra crossing than elsewhere. It is also safer 
for pedestrians if there is a refuge in the road. The safest way of crossing of 
all is by bridge or subway. Howevert, it has been found that pedestrians will 
not use either a bridge or subway unless it is quicker than the less safe surface 
route. If they must choose between the two, pedestrians are more likely to use 
a subway than a bridge. 








along a street to prevent pedestrians from straying into the carriageway. 
Where there is no footway it is much more dangerous for pedestrians to walk 
with their back to the traffic than facing it. 

The importance of pedal cycles as components of the traffic stream varies 
from country to country. In some places separate cycle tracks are provided, 
and there is some evidence to show that such tracks are safer, except possibly 
at junctions. So far as the flow of traffic is concerned there are clear advantages 
to be gained if cyclists are kept out of the main stream of vehicles, especially 


~ 





ECONOMICS 


) As has been said, the policy maker is faced with a difficult problem in deciding 
| what amount of investment should be made in roads and in other measures 
to ease traffic flow and promote road safety. Ideally, for this purpose, it should 
be possible to estimate what the costs of transport are, how these costs could 
be reduced, whether the costs involved in improving transport are worth while 
\ and if so in what order the various improvement measures should be carried out. 

As a first step it is thus necessary to attempt to quantify the costs of transport. 
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The costs involved are, however, not all easy to define or measure. Someapy 
fairly clear, e.g. the cost of fuelqgonsumption, and investigations have bey 
carried out which enable this and other vehicle operating costs to be dete. 
mined. Other costs such as those involving the time of drivers and passengen 
are more controversial. Where the time concerned is that of people who ar 
working, there are good reasons for giving this time a value. On the other hand, 
where the time is leisure time, e.g. time spent on a holiday journey, there} 
less agreement as to whether this should be valued. If it were possible to dete. 
mine how much people would pay to save their time, whether it be workin 
time or leisure time, a valuation could be put upon it. This might be possibk 
in the case of toll roads, where the driver can make a choice of a free but long: 


journey on a route other than the toll route. An assessment of this kind ha} 


been attempted but no definite conclusions have been reached. In such casa 
time costs are usually calculated in terms of average earnings and estimates 
of the proportion of working time involved in the journey. 


Although much more research into the basic costs of transport is required it| 


has been possible to make estimates of the costs per mile travelled by variow 
classes of vehicle in terms of the speed of travel. This information can be use 
in many ways and one of these has been to work out the cost of delays due to 
congestion. For the roads of Great Britain in 1959 it was estimated that this 
cost amounted to about £250 million, not counting the cost of leisure time. 
If leisure time was given the same value as working time, the total cost of 
congestion was roughly trebled. It is believed that the cost of congestion, 
excluding leisure time, was roughly one tenth of the total cost of road transport. 


Another use of the results of research has been to estimate the rate of retum| 
from road works and other measures and although the methods developed s0| 


far are open to criticism as to the absolute estimates of rates of return, ther 
is less criticism of the relative values obtained. Thus although there is scope 
for argument as to whether the methods give a satisfactory measure of the 
overall justification for a particular amount of expenditure, they do indicate 
reasonably well which of several proposals for road works is likely to give 
the highest returns and therefore merit the highest priority on economic 
grounds. 


ACCIDENT CAUSATION 


When an accident is reported consideration is almost always given to th 
question of whether or not some person or persons can be held responsible. 
This is to be expected, since it is conceivable that some offence against the 
law has been committed; indeed some lawyers would argue that if the law 
were drafted correctly this would always be so. It is also likely that the parties 
involved in the accident will wish to establish claims to compensation and this 
involves the question of blame. For these reasons there has been a tendency 
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to try to seek the cause of an accident in terms of human failure almost to 
the exclusion of anything else. 

It can, of course, be said that almost all accidents involve human error. But 
there are usually several factors contributing to an accident, not only the human 
factor. Visibility might have been bad, the road might have been badly laid 
out and its surface slippery and the vehicle might have been defective. If any 
of these factors had been different it is possible that despite an error of judge- 
ment by the driver an accident would have been avoided. Much research has 
been directed in the past few years to the question of accident causation from 
this wider point of view. 

It is well known that some forms of road layout can reduce the possibilities 
of accidents more than others. Thus, by separating opposing streams of traffic 
as on dual carriageways, head-on collisions are avoided, and by separating the 
levels of intersecting roads, junction accidents are avoided. Research into 
these and other forms of road layout has shown that substantial improvements 
in safety can be brought about by changing road layout. The accident rate 
per mile travelled is much less on motorways than on all-purpose roads, 
especially those carrying fast traffic through built-up areas. Elimination of 
bends and improvement of visibility makes for greater safety; cross-roads 
where the side roads are staggered are safer than those where the side roads go 
straight over the main road. The provision of good quality street lighting 
has been found to reduce night-time accidents by an average of 30 per cent. 

Resurfacing roads which become slippery when wet is a particularly effective 
safety measure. The adhesion which can be attained between road and tyre on 
a wet road is affected by the lubricating action of the water film on the road 
surface. To obtain good skidding resistance this water film must be expelled 
quickly. This can be done by providing spaces in the contact patch between 
tyre and road into which the water can flow, and the same effect is produced 
by using a surfacing material containing sharp peaks to penetrate the water 
film. Smooth surfaces or surfaces which polish under the action of traffic are 
thus to be avoided. It has been found recently that considerably greater skidding 
resistance can be obtained by using special forms of rubber in the tyre, and 
it is quite possible that in the future tyre treads will be made from these 
materials. 

Evidence from the USA shows that the introduction of compulsory vehicle 
testing of brakes, lights and steering can make a significant contribution to 
safety. It is also obvious that the design of vehicles can be improved from a 
safety point of view and a considerable amount of research effort is now being 
devoted to this subject. It has been found, for instance, that seat frames and 
fixings usually fail in rear-end collisions; that some vehicles offer little resist- 
ance to impact on the side; and that drivers often suffer serious injury from 
steering wheels and columns. Occupants of vehicles in accidents are often 
thrown about severely and it is possible that the use of seat belts and the provi- 
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sion of protective padding in certain parts of the vehicle would minimize inj 
sustained in this way. It has also been shown that a particularly useful f 
of protection is the safety helmet for motor cyclists. 1 
Although, as has been pointed out, improvements to roads and vehicles 
contribute substantially to road safety, it goes without saying that improvem 
in the skill and behaviour of road users is of fundamental import 
A great deal of research is required to determine how this can be achiey 
Among the subjects being investigated are: the training of drivers anddim 
testing of driving competence; accident proneness; and the effects of fatig 
alcohol and other factors on driving skill. There is some evidence to 
that the driver training given to some high-school children in the USA m 
them much safer drivers, at least in the early years after leaving school, 
compared with children who did not receive the training. There is evide 
to show that accident-prone drivers do exist; no satisfactory means of idet 
fying such drivers have yet been evolved, although it is fairly certain that accidg 
repeaters show general antisocial characteristics. Alcohol is probably a cont 
buting factor in accidents to a greater extent than is usually realized, and té 
have shown that driving skill is fairly certainly impaired by relatively st 
amounts of alcohol. f 
There is very little evidence as to the value of propaganda in promot 
improved road user behaviour although it is believed by many that propag 
is useful. It does seem certain, however, that the presence of police on the road 
has a positive effect in improving road safety. 


CONCLUSION 


The lives of all of us are in some way influenced by, and dependent on, ro 
and their traffic. Most of us form part of the traffic either in travelling 
work, going shopping or taking recreation. For many, road transport provid 
daily employment and it is fairly certain that the goods we buy have at se 
stage been carried by road. It is important to us all therefore that road trail 
should be efficient, i.e. that it should be economical in operation and § 
There are so many facets to the traffic problem that many people and m 
factors must be taken into consideration when administrative decisions af 
to be made. It is therefore essential that there should be a high degree of c 
ordination of effort and co-operation between all concerned not merely 1 
a national but also on an international level. 
The scientist has a special part to play in helping the engineer, the poli 
and the administrator by providing them with the detailed knowledge a 
techniques they require in their task of building up an efficient road systemhy 
And there is reason to believe that research workers are making importafil 
contributions in this way. 
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